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ABSTRACT
This research is concerned with the problem solving behaviour of 
subjects presented with problems of linesr ordering when accuracy 
has priority over speed. The three term series problems were
systematically varied in both content (i.e. comparative term) and
 1-
structure and the subjec; * s solution time observed,. t
A consideration of subject variables of sex and culture (Trinidadian 
and British subjects) showed no consistent differences in the order 
of difficulty in the solution of the various problem structures, 
although Trinidadian women were significantly slower in the solution 
of all the problems and British women were significantly quicker 
in the solution of positive problems than the other groups. None 
of the groups showed a similar order of difficulty to that found in 
other researches and an analysis of individual subject data indicated 
that (a) there were marked individual differences in response 
patterns, and (b) subjects’ response data did not fit the predictions 
of the various models of problem solving suggested in other studies, 
(Experiment l).
When a direct comparison was made of subjects' performance under 
experimental conditions instructing accuracy over speed and instructing 
speed and accuracy a similar difference was observed to that between 
subjects in the first experiment and those in other teim series, 
problem research ( Supplemantaiy experiment).
A further study of individual solution times which recorded subject 
protocols suggests individual patterns of response related to the 
number of repetitions of the ordering of the problem elements, based 
-no t-on -the-re 1 a-t i-ve -compl-exity-of-pxrob lem “strucimir e7^ut“the
subject’s 'span of effort' when concentrating on total accuracy 
(Experiment II),
When the longer response times unrelated to complexity of problem 
structure were controlled, the remaining responses still showed 
individual variation and poor fit to t^ e^ models of problem solving 
described previously. A model proposed as more economical offered 
an even poorer prediction of the data (Experiment III). There were 
indications, however, that the strategies involved in this model 
were used with the increasing experience of the problem solver 
(Experiment IV) and became a good predictor with moçe,practice 
(Experiment V).
Emphasising accuracy as a priority over speed in experimental 
instruction appears to (a) result in individual variation in 
approach, allowing more freedom to try a variety of strategies, and 
(b) the eventual attainment of an economical, efficient strategy, 
associated with increased experience.
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INTRODUCTION
Most research on linear syllogisms has been : concerned with the 
identification of models of the problem-solving process and has been 
particularly preoccupied with arguments between spatial and linguistic 
representation theorists (De Soto et al, I965; Huttenlocher, I968;
Clark, 1969 a, b). The differences in solution times to the various 
structures of three term series problems do not, however, provide a 
conclusive case for either form of representation and there are 
further reservations about attempts to generalise findiings, in view 
of the restricted nature of the subject samples, experimental conditions 
emphasising speed and accuracy, and some unexplained overall differences 
in solution times among researches. The present study is an attempt 
to test the generality and stability of the findings of previous 
researches, taking into account subject variables such as sex, culture, 
age group and amount of practice with the task, as well as instructions 
vdiich stress accuracy over speed.
Research demonstrating the utilisation of spatial imagery has often 
been presented with doubtful introspective data (Huttenlocher op, cit, ; 
Shaver et al. 1973» Quinton and Fellows, 1976). Jones (1970) has 
shown that spatial arrangements occur when subjects are asked to write 
down the elements within the problems. It seems, however, an 
unjustifiable step to equate spatial presentation with internal spatial 
representation. The predictions based on Clark's (op, cit.) theory 
of linguistic inference are too similar to those of the mental imagery 
theorists to be helpful in establishing his views and he has neglected 
to specify the process by which information in the different premises
2.,
are combined.
The status of imagery in cognitive representation has been central 
to the discussion of strategies used in the solution of problems 
of linear ordering. There is controversey as to whether imagery 
is an acceptable mental construct in cognitive processing or a 
by-product of processing by prepositional procedures, only existing 
as epiphenomenal mental experience, Pylyshyn (1973):makes a 
case for knowledge stored in abstract prepositional form, and for 
reported mental experience of internal 'pictures', analagous to 
perceptual experience, being misleading in the identification of 
cognitive procedures; he describes images as descriptions rather 
than pictures. He is highly critical of the work of Paivio 
(1969, 1971) which proposes the existence of alternative coding 
systems, namely visual and verbal processing; Paivio's methods of 
investigating imagery include instructing subjects to use imagery 
in performing memory tasks and classification of these tasks 
according to their facility in evoking images.
It is, however, a much easier task to attack visual representation 
research on both conceptual and methodological grounds than to identify 
a sound alternative representational model, Kosslyn and Pomerantz 
(1977) make the pertinent comment that the issue will not be resolved 
until it can be demonstrated whether or not images have properties 
which are not derivable from those of propositions. In other words, 
the image must be seen to have a specificity with regard to particular 
information, Shepard and Metzler (1971) seem to have adopted this 
strategy in their study of subjects' performance on mental rotation 
-of—three -dimensional—obj ec t—taskair-Tichomirov -and-Hosyanskaya~(~1'96'6)” 
and Simon and Barenfield (I969) have stddie'd eye movements which seem
3.
to react differently according to the cerebral hemisphere 
specialisation involved. There is interesting differentiation 
here but the work does not help to establish the functional reality 
of imagery since distinct spatial specialisation could have a 
prepositional representation.
It may well be, as Johns on-Laird and Was on (1977) suggest, more 
fruitful to concentrate on the types of memory representation which 
could be used in transitivity problems, 'whether the two premises 
of the problem are stored separately or combined into a unified 
representation* « Althou^ this path has presented researchers with 
the problem of conflicting results (Trabasso and Riley, 1975; Wood, 
1969) this difficulty could lead to a closer consideration of idie 
observation, originally made by Wood, that one must study the solution 
of linear syllogisms within the context of the subjects* experience 
and consider the possibility of strategy change.
Most research, however, has been oriented towards the discovery of 
general models of series problem solving and has tended to suggest 
stable models which cannot be justified in view of restricted sampling 
and experimental design.
The Subjects
Most researchers have studied sample sizes, on average, of fifty to 
sixty subjects,, although some experiments have such .small numbers 
as 15 (Clark, 1969a), 26 (Wood op. cit.) and 18 (Sternberg, 1978),’ 
Generally, the analytic techniques used on the data from these samples 
are based on group means and variance which inevitably lead'to the 
abandoning of much individual data since its deviation from-the mean 
is too wide to be accounted for. The assumption is-that subjects_______
4.
are approximating to the average performance of the group. 
Consequently, the results of the research on three term series 
problems have been taken to indicate that most subjects, most of 
the time, are using a similar problem solving model. However, 
there could be much undetected individual difference which, 
if taken into account, mi^t provide a basis for a more comprehensive 
model of the problem solving process.
It is difficult to identify analyses which will allow a consideration 
of individual data but, in their absence, one would consider 
rather larger samples than those generally reported to be needed 
to establish the stability of the observations,
Sternberg (1980b) has used multiple regression analysis on 
individual subject data; this appears to be a valid method of 
inspecting the fit of each subject's data to a particular model 
of problem solving and has been extensively used in the present 
study. It is a particularly useful analytic technique since it 
allows not only a comparison of individuals' data fit to a 
particular model but comparison of goodness of data fit of the 
same individual to different models.
It also makes the use of small samples more acceptable since there 
is no ' rounding off or exclusion of data, Althou^ all general 
hypo the ses must eventually be tested over large, representative 
samples, the use of small samples in this context and with this 
type of analysis seems more conducive to the eventual production 
of comprehensive hypotheses than analyses of group tendencies. The 
selection of specialised groups of adult subjects causes some concern 
"abbut'~lhe“claims made of the generalisation of findings, I have 
been unable to find an adult sample not comprised of students, in
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particular^ psychology students, a very specialised section of 
the population and, if the observations made by Wertime (1978) 
are considered, a group under excessive pressure to employ cognitive 
strategies they would not use if left to problem solve * naturally'.
The solution or attempted solution of linear syllogisms by children 
has been observed by theorists in order to judge the extent to 
which they concur with the general theories of problem-solving, 
based on adult observations. Clark (I969 c) has not observed young 
subjects but he has commented on the findings of others. He has 
taken the findings of Burt (1919)* Piaget (I92I, 1928), Hunter (1957)» 
Donaldson (I965) and Luria (I966) which have included the observation 
of what Piaget calls ' judgement of membership* in children* s reasoning 
and has claimed that this demonstrates the principle of the primacy 
of functional relations. He uses Donaldson* s studies to demonstrate 
children* s use of the principle of congruence and Donaldson* s and 
Luria*s protocols to demonstrate the principle of lexical markings,
Huttenlocher and Straus (I968) and Hunter (1957) have carried out 
experiments with children, Huttenlocher miaintains that children 
solve three term series problems, presented with external, concrete 
elements in a similar way to adults who were presented with verbal 
versions of the problems. Similarly Hunter maintains that 
children (sixty five eleven-year olds and thirty two sixteen-year 
olds), like adults, re-order premises to obtain an isotropic ordering, 
althou^ his eleven year olds did not perform entirely in keeping 
with the predictions of his theory. In other words, the various 
researchers have interpreted data from children in a way that 
reinforces their own particular model of the problem solving process.
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It may be more productive to carry out a number of discrete 
experiments, with limited variables, and to resist putting forward 
theoretical generalisations until the separate experiments can be 
viewed as a bigger project, rather than arriving at generalisations 
after small restricted experiments and trying to reconcile subsequent 
results to them. This approach does not preclude the possibility 
that strategies may differ at varying developmental stages.
The anxiety to arrive at general principles at an early stage may 
have retsirded consideration of the possibility of strategy change 
associated with the amount of problem-solving experience subjects 
are given. Wood ( I969 ), however, investigated the possibility
of changes in problem solving strategies from the point when the 
subject has had no previous practice to the point when he has some 
considerable experience at solving term series problems; there were 
indications of at least one change in strategy. Was on and Johnson- 
Laird (1972) state that the experience subjects gain within the 
experimental situation is one of the most important and most neglected 
aspects of a cognitive task.
Wood (op, cit,) also makes reference to sex differences in problem 
solving strategies. He makes only a tentative observation to be 
taken up in subsequent research, although subsequent research 
reference to sex differences is fairly eluaive and inconclusive 
(Wood and Shotter, 1973» Wood, Shotter and Godden, 1974; Birkett, 
1976#) It is difficult to orientate findings on sex differences in 
cognitive performance because of the lack of clarity and cohesion 
within the existing data and the general lack of attention to, and 
discussion of, the sex difference variable : McGuiness (1976) suggests
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that researchers tend not to make the sex variable the main focus 
of experimentation.
The absence of cultural variables from the existing research is 
also detrimental to the generalisation of findings. Do the 
laboratory-type experiments which have been reported have implications 
in different and more general contexts? Would all subjects with 
differing cultural experiences respond in ihe same way to controlled 
experimental situations ; Curran (198O) connnents that university 
students are unrepresentative of the human race and asks "To what 
extent, then, can we generalise to * other people*s* cognitive 
processes". It may be unrealistic to compare performances on 
linear syllogisms with people from widely different cultural 
backgrounds since research suggests that what Serpell (1976) calls 
the * direct confrontation* approach which involves the comparison 
of a task performance in different cultures is often not informative 
because of the lack of variable comparability of the experimental 
groups. As Campbell (I96I) observes, Maku hunter-gatherers from 
the Amazon and English undergraduates are difficult groups to provide 
with an equivalent cognitive task. It is desirable, however, that 
experimental findings should be verified on a culturally wider sample 
of subjects than has been studied to date.
Methodological Problems
The experiments designed to study the problem-solving strategies 
involved in the solution of linear syllogisms emphasise speed and 
accuracy in iheir solution instructions to subjects. Judging from 
generalisations of findings, inherent in the instructions is the 
assumption that subjects use similar strategies whether or not they
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are working to the limits of speed and accuracy. However, the 
stress conditions evoked by high speed and accuracy in highly 
controlled environments are not usual in everyday real-life 
situations. Even thou^ solution or reaction times are measured 
(latencies are measured rather than cognitive limits) there is 
still emphasis on speed and accuracy. Errors which can occur 
under these conditions can effect performance, and Allport (I98O) 
suggests that while tasks can run smoothly concurrently, they can 
appear to conflict when the subject is working near his limit. It 
appears that what is generally being observed by cognitive 
psychologists is, in .these circumstances, 'stress cognition'.
The range and size of solution times could be an important variable 
in the interpretation of results. Reaction times in experiments 
involving linear syllogisms are usually measured in centi-seconds 
and show considerable variation/ but only a few attempts (Klahr and 
Wallace, 1976; Sternberg, 1978) have been made to say how the time 
is spent on the various cognitive operations involved. It is 
possible that different overall lengths of reaction times between 
studies could indicate differences in the nature and number of the 
cognitive operations rather than adherence to one model of problem 
solving procedures,
A considerable number of researches have made use of subject protocols 
as a guide in the construction of models of cognitive processes.
Whilst considering the difficulties and criticisms of this technique. 
De Groot (1965) considers that they provide "an acceptable outline 
of the macro-structure of the process". There is, however, no 
irrefutable evidence that there is an association between reported 
-mental—experi-ence -and -the -processes-controlling behaviour, even—  ----
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thou^ such eminent contributors to the field as Newell and Simon 
( 1972 ) use subject reports as ‘heuristic guides* for their
programmes, Evans ( I980 ) reminds us of Pylyshyn* s doubts
about the nature of experienced imagery and comments that if it 
is epiphenominal there is serious doubt about the usefulness of 
introspective data.
Even if the situation is not so serious as Pylyshyn indicates, 
there are other inherent dangers such as the possibility of 
individual differences in the ability to report accurately and the 
tendency of individuals to give post hoc explanations, i,e, 
rationalisation to fit the circumstances, Evans and Was on (1976) 
(quoted by Evans) observed "that subjects will happily justify any 
common selection pattern if it is presented to them as the * correct* 
answer”.
There appears to be adequate grounds for reservations regarding the 
use of protocols, except in those studies, such as investigations 
of perception, which require a consideration of subject experience 
per se. This technique which Kosslyn and Pomerantz (op, cit,) 
consider to have the value of * corroborative evidence* and which 
*can assist in demonstrating that images have a genuine function to
I
cognition, is highly controversial in the interpretation of data in 
studies of strategies involved in the solution of problems of linear 
ordering.
Keeping in mind this catalogue of dangers, subject protocols have 
been used, with some reservations, on several occasions in the 
following experiments. Care has been taken, however, not to 
interpret them as descriptions of mental processes but as 'heuristic 
guides* in the manner of Newell and Simon (op, cit,), Evans (op, cit,)
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cautions "The problems arise when we stop regarding the reports 
as one of the dependent variables, along with errors and response 
times, and start regarding them as descriptions of underlying
processes."
Interpretation of Results
The main observation to be iiiade here is the generality of the
claims made by some researchers on the basis of the limited material
that has already been described. Clark (31 9a)comments:
"The processes described in the present paper .... 
are quite general. They are not meant to explain 
the solution of two and three term series problems 
alone, but to account for certain linguistic processes 
in understanding statements and answering questions 
wherever they occur."
He also states: '
"To be of use, the present explanation for certain 
processes in deductive reasoning must have generality,"
He, however, only offers studies of the truth or falsity of negative
and positive statements reported by Vason (I96I), Wason and Jones
(1963) and Gough (I965, I966) as instances of the wider applicability
of his views, Huttenlocher (I968) says that:
"By presenting individual items as words S can 
apply the strategy with equal ease to any ordering 
problem regardless of how abstract the categories 
being compared,"
Generalisations of experimental results beyond the specific 
circumstances of the study, even if they can be justified, and one 
must be careful of what Claxton describes as inferring "grand 
conceptions from minutiae", may lead to a failure to consider the 
possibility that cognitive mechanisms may in some cases be content- 
specific and to overlook ‘inconvenient* data which does not readily 
fit in with ihe general predictions put forward. We may be
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overlooking the variability of data indicating the instability 
of solution models between individuals, stages of experience and 
solution instruction in our haste towards generalisation. The 
first experiment in this study is designed as a resume of the main 
research in the area of the solution of the problems of linear orderings 
with a less restricted sample of subjects and experimental instr^iction 
to emphasise accuracy over speed.
This stu.dy is not primarily concerned with the nature of the mental 
representation, spatial or linguistic, employed in the solution of 
three term series problems but rather with the manner in which the 
premises are processed; are the premises processed and stored 
separately, or are they combined into a unified statement. The 
essential characteristic of a spatial problem solving model appears 
to be the ’spatial integration' of information contained in the 
problem premises whereas the linguistic model involves the separate 
storing of the comparative pairs which are retrieved and coordinated 
via the middle term when necessary. There is some indication in 
research findings (Trabasso and Riley, 1975» 1975) that it is the 
manner of integrating the problem items which is the basis of strategy 
differences rather than the linguistic or spatial nature of the 
mental representation and, indeed, as already discussed, there is some 
doubt about the existence of imagery as a cognitive reality,
Sternberg (1980b) has developed models based on the proposed 
spatial and linguistic models which predict differences in response 
times; he found a relatively poor fit of the data to both of these 
models compared to a mixed spatial and linguistic model. It is 
possible that subjects are using both forms of representation but we
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still have the problem of identifying the problem solving processes 
that they are employing and the stability of these processes across 
such variables as culture, sex, problem solving context and age of 
the problem solver.
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REVIEW OF THE LITERATURE
Linear syllogisms involve a transitive relationship and are often 
referred to as three term series problems, although transitive 
reasoning studies have involved problems concerning up to seven 
elements (Wood, I969). A typical example of a three term series 
problem is "If John is taller than Dick and Dick is taller than 
Joe, who is the tallest?".
These problems have been used extensively over the last two decades 
in the study of the process of deductive reasoning (Hunter, 1957;
De Soto et al, 1965; Handel et al, I968; Huttenlocher, I968; 
Huttenlocher and Strauss, I968; Huttenlocher and Higgins, 1971; Clark, 
1969 a, b, 1971)# Most normal adult subjects are capable of transitive 
processing and some researchers (Bryant and Trabasso, 1971) consider 
young children who are still within Piaget’s egocentric thinking stage 
to have an understanding of transitive relationships.
The simple structure of the problems attract the researcher because 
of the potential control it gives him over certain experimental 
variables. Because of the simplicity of the problems the studies 
tend to concentrate on latencies rather than errors. The subjects 
are usually asked to answer the questions as quickly and as accurately 
as possible. The variation in response times are then compared 
with the differences in structural complexitj’- of the various problems. 
The supposition is that differences in response times are indicative 
of differences in cognitive operations.
Johnson-Laird (1972) has indicated three aspects of cognitive 
processing which have been suggested to account for these variations _
in response times; linguistic encoding (Clark), mental operations 
(Hunter) and spatial representation (De Soto et al, Huttenlocher).
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i. Linguistic Encoding
Clark puts forward the view that the variations in the difficulty of 
transitivity problems (measured by differences in reaction times) 
are attributable to principles of encoding linguistic material 
(primacy of functional relations).
a. Deep structure
This results from the encoding of the surface structure of the 
presented statement. Premises are easier to encode if they have 
the same deep structure or base strings. Similarities in surface 
structure are not necessarily reflected in deep structure. For 
example, the. following two statements are similar in surface structure.
1. A is better than B and B is better than C.
2. A is not as bad as B and B is not as bad as C.
However, the deep structure of these statements are dissimilar.
1. A is good 2. A is bad
B is good B is bad
C is good C is bad
Clark says that similar deep structures tend to be associated with
similar problem solving difficulty. It is the aspect of deep 
structure concerning functional relations that is emphasised by 
Clark since he maintains "the primacy of functional relations", i.e. 
that functional relations within sentences is the most readily 
available information for encoding. Consequently in transitivity 
problems the functional relations encompasses the subject-predicate 
relationship between each of the elements and the evaluative dimension; 
consequently there are the two base strings as illustrated above 
in each premise. Clark says that the two base strings of each
premise are more readily encoded than the fact there is comparative
information given.
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b. The'relationship between premises and question (Congruency)
Clark maintains that an answer takes less time if the base strings 
derived from the premises are congruent with the base strings derived 
from the question. Consequently, the question "Who is best" is 
easier to answer with the premises *A is better than B and B is 
better than C*, than the question "Who is worst".
c. Lexical Marking
This principle, Clark maintains is what defines the meaning of words 
in syntactic base structure. According to this principle some 
adjectives are stored in long term memory in a less complex form 
than their opposites. The rationale is that unmarked adjectives, 
like good and tall, can have one or two meanings whilst marked 
adjectives like bad and short always have two senses (i.e. ’nominal’ 
and ’absolute’ position). Since marked adjectives always carry two 
meanings, it takes longer to store and retrieve their meaning than 
in the case of unmarked adjectives. It is also assumed that 
wherever the option is open (as in three term series problems), 
unmarked adjectives will be interpreted in the nominal sense only.
Clark’s major claim is that the importance of his explanation of 
variations in solution times of three term series problems in terms 
of general linguistic processes can, in fact, be applied generally 
to problem-solving.
Clark offers an explanation of problem-solving based on general 
linguistic principles but does not offer a model of the processes 
involved in solving problems in transitive reasoning. Trabasso (1975) 
comments on Clark’s explanation "We see here where a failure to make 
explicit the process model underlying the linguistic-perceptual________
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relationship as well as the necessary conditions for prior perceptual 
coding leads to possible misleading conclusions" (p,445)* This 
failure is particularly apparent when considering Clark’s treatment 
of the processing of comparative information within the problems.
Furthermore the existence of syntactic deep structure represented 
by the base strings has been questioned. Arguments have been put 
forward for an encoding process proceeding from surface syntactic 
structure directly to semantic deep structure (Fillmore, I968; 
McCawley, I968). It may not always be syntactic structure which 
dominates semantic structure in linguistic development; there is 
some suggestion that when dealing with comparative relations semantic 
understanding precedes that of syntactic structure (Macnamara, 1972).
ii. Mental Operations
Hunter (1957) considers that the operations performed on the encoded 
problems are of major importance. Initially the subject processes 
the premises, if necessary, into isotropic order, i.e. to (a > B)
(B > C) or (a < B) (B < C). The repetition is then deleted from 
the middle term so that answers can be read off from the series. 
Variations in difficulty are attributed to the operations needed to 
achieve the desired ordering of the elements of the problem.
The two basic operations are conversion of a premise, e.g. (B < A) 
becomes (A > B), and reordering of a premise, e.g. (B > C)(A> B) 
becomes (A > B)(B > C). Hunter assumes that the first premise 
establishes the direction of the series and that the subject converts 
the second premise, if necessary, to achieve an isotropic ordering.
He predicted that relative difficulty in problem solving would be 
_related_to_Jkhe_number_oiL_opmration^_loJ)e_^erfbrm^  His_predictions_
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held for his 16 year old and 11 year old groups of subjects, with 
the exception of the 11 year old group finding the premises (A > B)
(C < B) easier to cope with than (A > B) (B > C). Like Clark,
Hunter considers the form of the question important. He observed 
that problems are easier to solve if the premises ’suggest* the 
correct answer. For example, with the following premises, ’A is 
taller than B, C is shorter than B ’, the questions "who is the 
tallest?" "who is the shortest?" are relatively easy to answer since 
they are both "suggested" within the premises, the answer to the 
former question in the first premise, "the answer to the latter 
question in "the second premise. Hunter, however, does not indicate 
in what form "the processed premises are represented,
iii. Spatial Represeri"fcation
Be Soto, London and Handel (I965) explain "the variations in latency 
and accuracy in the solution of three term series problems in terms 
of basic assumptions relating to spatial representation of the series. 
According to Be Soto and his colleagues "the subject constructs a 
spatial array of the elements in "the premises which "thkes the form 
of a spatial image.
Two principles are put forward to explain the variation in the 
difficul"ty of "the problems,
a. Spatial images
All evaluative comparatives even if not specifically spatial are 
represented in the form of spatial images. Some are consistently 
represented by a vertical array, e.g. ’better’ and ’worse’. Others, 
like ’wider’ and ’narrower’ are represented in a horizontal array.
In cons"luTucting spatial arrays "the subject finds it easier to work 
from the top downwards, or from left to right (Jones, I970). For
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example, it is easier to answer questions about the premises (A is 
better than B) (B is better than C) than the premises (C is worse 
than B) (B is worse than A).
b. End Anchoring "
It will be easier for the subject if the first element given in the
premise is an end element in the ordering, so that the premise proceeds
from one end towards the middle rather than from the middle towards 
the end, (De Soto et al, I965)* - It is easier to represent an array
for a premise if its first term is an end anchor, i.e. an item that 
occurs at either end of the array but not in the middle. In that 
case problems with the premises, (A is better than B) (C is worse than 
B) will be easier than those with (A is better than B) (B is better
than C), This prediction about these premises is at variance
with Hunter’s theory.
The concept of the construction of a spatial array in the solution 
of problems involving transitive inference has been supported by 
Huttenlocher (I968) who suggests that subjects image words or 
abbreviation of words but argues that the end anchoring principles 
of Be Soto et al, is unnecessary.
In her view subjects’ problem solving behaviour can be better explained 
by the observation that adults construct arrays mentally in the same 
way that children do behaviourally, so it is easier for an adult 
to construct a spatial array if a premise refers to an end item as 
the deep structure subject rather than the object (Huttenlocher, 
Eisenberg and Strauss, I968; Huttenlocher and Strauss op,cit.) 
Predictions of problem solving difficulty based on this assumption is 
identical to that based on the end anchoring principle.
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Shaver, Pierson and Lang (1975) carried out several experiments to 
test if subjects use spatial imagery in ordering the items in three 
term series problems# They cite the concept of 'converging operation' 
used by Brooks (1968) which predicts that if subjects are using 
spatial imagery it should be possible to interfere with their imaging 
by presenting the problems Visually rather than orally. Furthermore 
they hypothesised that if spatial imagery is used, subjects who are 
rated good imagers should perform better than poor imagers. Both 
of these predictions held but they indicated that the use and 
effectiveness of spatial imagery varied with the instructions given 
to students and the comparatives involved in the problems.
Althou^ the findings of Shaver et al, is .supportive of the case for 
spatial imagery, there are several worrying aspects of this study, 
including the reliance for some findings on introspective reports 
and the doubts thrown on the validity of converging operations based 
on input modality by the work of Phillips and Christie (1977).
However, Birkett (1976) in a study of family relationship problems, 
and Newstead et al (1982) observing performance on three term series 
problems have based their interpretation of data on the principle 
of converging operations.
Potts and Sholtz (1975) obtained results indicating that, contrary to 
Clark's findings, marked and unmarked adjectives were processed with 
the same facility. They also suggest that the solution of three 
term series problems are easier when there is congruence between the 
adjective describing a term and its place within the series. This 
finding coincides with that of O'Connor and Hermelin (1972) who 
compared the responses of blind and sighted children. These findings.
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however, do not take us any nearer .establishing the functional 
reality of a visual spatial array in transitivity problems and indeed 
it may be that linguistic versus visual processing is no longer 
the central point of the discussion.
Other studies (Wood, I969; Potts, 1972, 1974; Riley and Trabasso,
1975, 1974; Trabasso, 1975; Trabasso and Riley, 1973» 1975; Trabasso, 
Riley and Wilson, 1975) have considered the processes which are used 
to solve transitivity problems, J ohnson-Laird and Wason (op. cit.) 
have commented
"It would seem....... that the fundamental issue
between the theories is not really about differences 
■ in the use of mental operations or visual imagery, 
nor about the relevance of linguistic explanations.
It is about whether the two premises of ihe problem 
are stored separately, or combined into a unified 
representation. The critical issue is the integration 
(or lack of integration) of the terms, and thus the 
specific way in which the knowledge is stored, 
represented and accessed in this particular t^e of 
problem."
p. 79
Trabasso and Riley (op. cit.) hypothesise two types of memory 
representation which could be used in transitivity problems. In 
the 'coordinate model* comparisons of a number of pairs of sticks 
are stored in the form of a list of ordered pairs, e.g. (A>B) (B>C) 
( O B )  (B>E). When the problem is presented the critical pairs 
are retrieved and coordinated via the middle term to yield the 
correct response. In other words the model involves the use of 
the transitivity process.
In the* spatial integration model* the information is integrated into 
a spatial array as the subject acquires it. When presented with a 
transitivity problem, the subject identifies the critical elements 
in the array, observes their order and identifies the correct answer.
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Trabasso and Riley predicted that if the subjects were using the 
'coordinate model', questions involving pairs of sticks which were 
further apart in the series would have longer latencies because 
more inferential steps would be involved. The opposite results 
would be predicted if subjects were using the 'spatial integration 
model' since a visual 'read off of the answers would be facilitated 
by the distancing of the terms.
The results obtained fitted the spatial integration hypothesis and
they concluded that adult subjects
"use their knowledge that length is transitive, 
isolate the extreme ends of the scale, order 
each pair, and add single elements to a spatial 
array which is stored in memory for later use in 
answering transitivity questions".
P.6
Potts (1972, 1974) has obtained experimental results which concur 
with the Trabasso study. Woods (1969), however, seems to have
obtained results at variance with these findings. His adult 
subjects, when presented with transitivity problems, found more 
difficulty (i.e. longer latencies) in answering the further apart 
the two terms being compared.
A possible explanation of these opposed findings could be that there 
are subject differences. Trabasso's subjects were practised in 
making the comparisons necessary to solve the problems whereas the 
subjects in the Wood study were uninitiated when the experimenter 
started to measure their response latencies. It is possible that 
initially the spatial array is constructed by means of inferential 
steps involving application of the transitivity principles but 
once the array is constructed subjects proceed towards a search of 
-the-exi8ting-spatialr"arrâÿ^
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The findings of Hayes and Roth (1975) suggest that when subjects 
are tau^t a complex partial ordering of items (B> J >H > F > Z > P >  C;
K ? H > B> S; F> T+ and Z > V), by means of adjacent comparisons only, 
that an ‘inverse distancing' effect is observed. It seems that 
under these circumstances subjects use a transitive inference process.
A cautionary note about the use of the semantic distance effect to 
establish the use of a spatial comparative as opposed to a transitive 
inference process in transitive problem solving is introduced by 
Vickelgren (1979) who envisages instances when a similar distance 
effect can be obtained by both transitive inference and spatial 
representation.
"One such process (of transitive inference) is 
parallel retrieval of all the indirect associative 
chains and direct links between remote items.
Such a scheme would give remote items a higher 
asymptotic strength .... . ..... But with the much 
higher asymptote ., reaction time to remote pairs 
could be much faster than to adjacent pairs, with 
comparable or even superior accuracy for remote
pairs",
p . 369
Some researches,Wood and Shotter (1973); Wood, Shotter and Godden 
(1974) and Birkett (op. cit.) have considered sex differences in 
performance on problems of deductive reasoning. There are two 
apparently contradictory results recorded by Wood and Shotter who 
obtained results indicating female superiority in the solution of 
family relationship problems and Wood, Shotter and Godden \dao found 
male superiority in the solution of series problems. Birkett 
notes an incongruence in these results since both types of problem 
involve deductive reasoning and suggests that the sex difference in 
performance lies in the difference in the form of presentation, 
jyerbal in __the_case_of-i'amily-relaiicnshi^s-and-visual—in^üie-cas e-of-
ihree term series problems. Birkett found that women had shorter
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solution times in both presentation conditions but the difference 
was only significant with verbally presented problems. There was 
also a suggestion, based on introspection of the subjects, that 
visual imagery was used predominantly in verbally rather than 
visually presented problems. Althou^ this study makes doubtful 
use of introspection in identifying the mental representation used 
in problem solving strategies, it does emphasise the importance 
not only of problem type but of modes of presentation in both the 
investigation of sex differences and cognitive processes in problem 
solving.
Sternberg (1978, I98O a,b,c,) using a technique of'componential 
»
analysis, identifies the operations involved in the various problem 
solving strategies and fits his own experimental data and that of 
other studies to these models of problem solving - a spatial model, 
a linguistic model and a mixed model using both spatial and linguistic 
processes. The spatial and linguistic models are similar but 
not identical to the models described by Huttenlocher, De Soto and 
Clark, and the mixed model takes account of two extra operations not 
previously included, those of response and pivot search. Sternberg's 
models present the opportunity for a comparison of goodness of fit 
of data and finds the mixed model the one that best explains the 
variation in subjects' reaction time data. Laws and Eysenck (I98I) 
find a similar result but also find, comparing the spatial and 
linguistic models, the former is the better predictor of the data 
from the positive problems and the latter offers a better predictor 
of the data from the negative problems. They also make the 
observation that the length of solution time is related to the 
format of problem presentation indicating the importance of problem 
context.
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J ohnson-Laird (1972) describes a possible strategy for the solution 
of three term series problems that need not involve either the 
application of transitivity principles or the construction of a 
spatial array. The strategy involves reading the question first, 
followed by a work back procedure. Sometimes there is no need 
to examine more than one premise in detail if one premise is congruent 
with the question it is processed first.
........ and once it has been interpreted and
the item which is more X stored (where X is the 
relevant attribute), there is a simple time 
solving procedure. If the item does not occur 
in the other premise, it is the solution to the 
problem. Where both premises have the same 
comparative, there is likely to be a natural 
tendency to interpret them in a standard order.
The same techniques of establishing the item 
which is more X, where X is congruent with the 
question can be used and it is only necessary 
to interpret the other premise if this item is 
also mentioned in it".
p.81
It would seem that a variety of strategies is a possibility, although 
a similarity in predicted performance makes differentiation a 
difficult task. Wood (1969) has suggested that the subject changes 
his strategy when answering term series problems at least once 
from a memory, imaging strategy to a linguistic, focusing strategy.
The preoccupation of most researchers in the field of cognitive 
processes, particularly those concerned with the solution of three 
term series problems, has been the identifying of general principles 
which apply to the solution of the problems independently of 
variations in the problem content, the methods and circdmstances of 
presentation, the form of the question and individual differences 
within the problem solving population. It may be a more rewarding 
strategy to look for variation in methods of solution related to
differences in stimulus and subject variations or at least to test
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the generality of procedures identified in a subject population 
largely consisting of psychology undergraduates solving three term 
series problems according to a very narrow instruction of speed 
and accuracy. These points will be elaborated upon in the next 
chapter and will provide the rationale for the initial experiment 
in this study.
26.
THE FIRST EXPERIMENT 
Aim of the Experiment
Most of the research on three term series problems has used subjects 
from a restricted age and population range; viz. young undergraduates, 
with little or no account being taken of subject variables such as 
sex and cultural background. Since the basic aim of the researches 
is to ascertain GENERAL cognitive principles involved in the solution 
of three term series problems, it would seem more appropriate to 
have a somewhat wider population of subjects, and to isolate certain 
subject variables, so that their association with problem solving 
behaviour mi^t be observed.
The comparison of research findings is, however, complicated by 
substantial differences in experimental design, both in method of 
presentation of the problems and the form of the question put to 
the subject.
This experiment was undertaken in order to provide data, obtained 
under conditions-of accuracy stressed over speed from a wider..population, 
mature student teachers of both graduate and non-graduate status 
with a wide variety of academic and work experience, differing in 
sex and cultural background - on the solution times of the eight 
structures of both negative and positive determinate three term series 
problems, with variation in comparative dimensions and the congruence , 
of the comparative term in the first premise and the question.
The experiment was designed to;
i. . Examine the order of difficulty in solution times for 
the eight possible structures of determinate three 
  -_term.„series problems;____.________________ _____________ __________ _
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ii. compare the solution times of:
a)• problems containing two negative premises and
problems containing two positive premises;
b). problems containing the same comparative term
in the first premise and the question and 
problems containing opposite comparative terms 
in the first premise and the question;
c). problems containing comparisons of wei^t and
problems containing comparisons of height.
iii. compare the solution times and order of difficulty of 
the three term series problems between subjects of 
different sex and cultural background.
Method
A The Problem
The three term series problems used in the experiment include the 
eight different orderings of the three items possible in determinate 
problems, viz:
Structure 1 A < B C > B
2 A < B B < C
3 A > B C < B
4 B > A B <  C
5 B < A C <. B
6 A:> B B:> €
7 B > A C > B
8 B < A B > C
Three other problem variables, which research findings have suggested 
may be significant in the solution of the problems, were also 
introduced:
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a. negative/positive forms of the questions, i.e. those
containing either two negative or two positive premises; 
h. questions having the same or opposite comparative term 
as that in the first premise;
c. difference in dimension of the comparative term used, 
viz. height/weight.
Taking the eight different structures, and the above three variables, 
there are sixty-four possible presentations of the problem (fig.l, 
tsble la).
Men's names were used for the terms. Ten common one-syllable 
names were used and three randomly selected for each problem. The 
problems were each typed onto a card, using bo"üi upper and lower 
case letters. The cards were then photographed and made up into 
slides.
B The Subjects
The subjects were 128 mature student teachers, unpractised in the 
solution of the three term series problems and not previously 
included in experiments of this type. The sample consisted of 
four equal groups ; British men, Trinidadian men, British women 
and Trinidadian women.
All subjects had English as a first language and had experienced a 
similar type of education system. Althou^ there was a variety 
of academic attainment, all subjects were judged to be of reasonably 
h i ^  academic attainment (i.e. of at least 'A' level ability).
C The Procedure
The problems were initially placed in random order (Table la) and
then, to counteract the learning effect on performance, 'rotated'
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systematically in $2 different orders so that, taking into account 
the total orders of presentation, each question was presented an 
equal number of times before and after all the others. This 
system of presentation is similar to that used by Wood (1969).
Table lb shows the $2 different orders of presentation, one of which 
was assigned randomly to each of the members of the four sub-groups - 
Trinidadian men, Trinidadian women, British men and British women.
The problems were visually presented using a slide projector. The 
li^t from the screen activated a li^t-sensitive switch which 
started a centisecond digital timer. Ihe experimenter stopped 
the switch when the subject responded. This arrangement was 
decided upon so that the subject would be free to concentrate on 
the problem-solving task presented with a minimum of preoccupation 
with the * hard-ware’ involved in the experimental situation.
The problems (64 in all) were usually presented over two sessions, 
each lasting about half an hour. The subjects were instructed 
not to linger unnecessarily over providing the answer to the 
problems but to give priority to accuracy. The presentation 
rate was self-regulated by the subject and there was no time limit 
for solution. Subjects giving incorrect answers were excluded 
from the sample. In summary, the experimental procedure was 
carried out in a ’low key’ manner, the experimenter being very 
careful to present the problems in a manner conducive to a low 
stress situation.
B Statistical Analysis of the Data
Analysis of variance was carried out on the following variables;
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1. Nationality x Sex x Problem Structures. (Negative and Positive)
2, Nationality x Sex x Problem Structures. (Negative)
5. Nationality x Sex x Problem Structures. (Positive)
4. Nationality x Sex x Negative/Positive problems.
5. Nationality x Sex x Same/Opposite Comparative Term in the 
first premise and question.
6. Nationality x Sex x Weight/Height dimension.
The analysis carried out on variables (l), (2) and ($) of the 
above was a three factor, 2 x 2 x 8  factorial design, and on variables 
(4), (5) and (6) a three factor 2 x 2 x 2  factorial design. Since 
in the analyses of the total solution times, the data within one 
of the three factors in each analysis was obtained from the same 
subjects, the necessary amendment to the error term for the data 
included in this factor had to be made, involving the product of 
subjects and correlated factor within the product of the other 
two factors (Lewis, I968). In other words a nesting and crossing 
design, with a single crossing of the nested variable, was used.
Where analysis of variance results indicated that there were 
significantly different means, Scheffe Test for Multiple Comparisons 
was used to detect the particular means which differed. Since 
in the analysis of variance carried out there were significant 
interactions, it was necessary to compare the means of specific 
cells or factor combinations. (Kerlinger and Pedhazur, 1973)*
Friedman* s two-way analysis of variance (Siegel, 195^) was carried 
out on data for each of the positive and negative problem structures 
within each sub-group of subjects, Trinidadian men, Trinidadian 
women, British men and British women.
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Initially the analyses of variance were completed on the means of 
the total data collected; that is, on the solution times of the 
problems presented from first to sixty-fourth to each subject.
Using the total data, the solution times recorded for each subject 
were, in fact, the average score that a subject has achieved on 
the particular problem variable being investigated, viz. the various 
problem structures, negative/positive problems, weight/height 
problem dimensions and congruence/non-congruence of the comparative 
term in the first premise and the question.
Subsequently analyses of variance were completed on the variables 
listed (1) to (6) above, using only solution times achieved by 
subjects on problems present in the first half of the experiment, 
that is for each subject, problem solution times were only considered 
when they were presented in the order of first to thirty-second.
In these analyses, variables were compared by selecting sets of 
solution times for two problems similar in all respects save the 
variables being considered.
The analysis of variance and Friedman's two-way analysis of variance 
were calculated by computer and the programmes used are available 
in the appendices.
Multiple regression analyses were carried out on individual subject 
data of sixteen subjects from each of the experimental groups : 
Trinidadian men, Trinidadian women, British men and British women. 
These were used to test the goodness of fit of the data to the 
various problem solving models, hypothesised critical problem
- characteristics -providing“the—categorioaly independent variables.
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The multiple regression analyses were calculated by a proprdmme 
using the method of multiple correlation and matrix inversion.
( Kerlinger and Pedhazur, op. cit. ).
Since the main problem solving models based on spatial and 
linguistic representation give similar predictions of relative 
solution times on the various problem structures, common 
categorical variables were identified for a 'combined model*.
l^ iff®2?ential mixed, linguistic and spatial models proposed by 
Sternberg ( op. cit.), whilst having some categorical variables in 
common, have got a number of categorical variables which give 
differing predictions of response times and so allow a 
comparison of goodness of fit of the three models. Fit of model 
is assessed in terms of the squared multiple correlation (R^) 
which is a measure of the proportion of variance in the solution 
time data accounted for by the independent variables.
Statement of Results
The results of the experiment are summarised in tables 2 to 24 
and figures 2 to . ( Figures 2 to 38 are assembled in Appendix 
III ).
Table 2 gives the mean solution times of the eight problem
stuctures for the four groups of subjects, Trinidadian men, Trinidadian
women, British men and British women.
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Table 5a provides the mean solution times of negative and positive 
problems for the four subject groups and table 5b provides a 
summary of the analysis of variance of the scores of these groups# 
There is a significant second order interaction of the factors of 
nationality, sex and negative/positive problems (p < .01). These 
interactions are graphed in figures 26 and 2?, where it can be 
seen that the relationship between nationality and sex factors 
differs from negative to positive problems. Using the Scheffe' 
method for multiple comparisons, an S value of I.I4 (p < .01) was 
obtained (table lo). This indicates that, although each of the 
four groups of subjects have significantly shorter solution time 
means on positive problems than on negative problems, the negative 
problem means of Trinidadian men, British men and British women 
are significantly shorter (p < .01) than that of Trinidadian women, 
whilst the positive problem mean of British women is shorter than 
those of the British men and Trinidadian men, and, as on negative 
problems, all have significantly shorter means than Trinidadian 
women. In short, Trinidadian women take longer to solve both 
negative and positive problems than the other groups. The other 
groups take a similar length of time to solve negative problems 
but British women are quickest at solving positive problems.
The analysis of variance result (table 4b) for the solution times 
of the four subject groups for problems with the comparative term 
in the question the same or opposite to that in the first premise, 
gives a significant first order interaction between the factors of 
nationality and sex, nationality and the same/opposite comparative 
term, sex and the same/opposite comparative term (p < .01). The 
.^esulj^are^aj)hed„in..Xigures^  Using-the-Schef-f-e^—
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method for multiple comparisons an S value of .71 (p < .05) 
was obtained. Figure 28, showing the nationality by sex 
interaction, indicates significant difference between the means 
of Trinidadian men and Trinidadian women and a non-significant 
difference between the means of British men and British women. 
Figure 29 shows a non-significant difference between the means 
of Trinidadians, men and women, on both tj^ Des of problem, those 
with comparative terms the same and opposite in the question and 
the first premise, and a significant difference between these two 
types of problem in the scores of British men and British women; 
they were significantly quicker (p < .05) in solving problems 
with the opposite comparative term in the first premise and the 
question than those problems with the same comparative term in 
the first premise and the question. Figure $0 shows the sex 
and problem level interaction. The mean of men on "opposite* 
problems is significantly (Scheffe .82 p < .05) smaller than 
the mean on * same* problems, whereas women score significantly 
smaller solution times on * same* problems than "opposite* problems.
Table 5b indicates significant (p <.01) first order interactions 
between nationality and sex and nationality and problems in 
weight/hei^t dimension. These interactions are graphed in 
figures 51» 32 and 53* The Scheff/ Test for multiple comparisons 
(table lO) indicates a significant (p < .01) difference between 
the mean scores of Trinidadian women and British women but a 
non-significant difference between Trinidadian men and British 
men (figure 51)* Figure 52 indicates a significantly (Scheffe 
p < .05) quicker mean reaction time of Trinidadians on problems 
with a weight dimension than on problems with a height dimension.
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The British subjects did not show significant difference in the 
mean scores of both types of problems. Figure 55 indicates a 
significant difference (Scheffe p <.05) between men's mean scores 
on problems with height dimensions and problems with(weight dimensions; 
there is a significantly smaller mean score on the wei^t dimension 
problems. There was no significant difference indicated between 
the mean score of women on the two types of problem.
Analysis of variance results indicate a significant second order 
interaction (p < .01) for nationality, sex and problem structure 
(table 6b); nationality, sex and negative problem structure (table ?b) 
nationality, sex and positive problem structure (table 8b). The 
differing associations of nationality and sex for the various levels 
of problem are shown for all problem structures in figures 2 - 9 »  
for negative problems in figures 10 - 17, and for positive problems 
in figures 18 — 25. The Scheff^ values needed to have significant 
differences between means are listed in table 10. These results 
indicate that the differences in the mean scores on the eight problem 
structures are not the same across the different subject groups 
nor, from an inspection of group means ( tables 6a, 7a and 8a) one 
may conclude that there are no consistent differences between one 
structure mean and another within the subject groups.
The scores of each group of subjects - Trinidadian men, Trinidadian 
women, British men and British women were each submitted to a 
Friedman two-way analysis of variance and the results are summarised 
in table 9*
None of the scores of the groups, apart from the British men's scores 
on the positive problems, indicate a significant difference between
scores on the various problem structures. The differences between
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British men's scores on the different positive problem structures 
is found to be significant at the 5% level. There is some 
contradiction between the result and that obtained using the 
parametric analysis of variance test of statistical difference. This 
inconsistency will be discussed in the next section.
Similar analyses to those summarised in tables 2 - 8  were carried 
out on reaction times to problems administered to subjects in the 
first half of the experiment, that is between first and thirty 
second in order of presentation. Althou^ analyses of variance 
were carried out, the data was now selected from the responses to 
pairs of selected questions similar in all respects except the 
variable under observations. The results are summarised in tables 
11 to 15 and figures 54 to 65.
Table 11 (i to x) show the results of the analysis of variance within 
solution times for the eight structures of determinate positive three 
term series problems, presented in the first half of the experiment, 
the mean solution times of the problem structure and the S value 
for the Scheffé'method of multiple comparisons. Analysis of variance 
shows a second order interaction of nationality, sex and the following 
structures.
i. Structure 3, A > B C <B and Structure 6, A > B B> C (table Hi)
ii. II 1, A < B C>B It II 4, B> A B< C (table llii)
iii. II 7, B > A C >B II II 4, B> A B< C (table lliv)
iv. II 3, A > B C<B II II 1, A< B C >B (table llv)
V. II 4, B > A B<C II II 6, A> B B> 0 (table llvi)
vi. II 6, A > B B > G II II 2, A< B B< 0 (table llix)
vii. II If A < B  0 >B II II 2, A < B B< 0 (table llx)
These results are graphed in figures 54 to 45*
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The following first order interactions were observed;
i). Nationality x sex, nationality x structure (5, B < A  C<B + 8,
B < A  B>C) and sex x structure (table lliii).
.
ii). Nationality x sex, nationality x structure (5, B < A C < B  + 7,
B > A C > B) and sex x structure (table llvii).
iii). Sex x structure (4, B> A B < C + 8, B< A B > C) and nationality
X sex (p < .05). (table llviii).
These results are shown in figure. 34 i - x.
Table 12 (i to viii) shows the results of the analysis of variance 
within solution times of the eight structures of determinate negative 
three term series problems presented in the first half of the 
experiment, the mean solution times of the problem structures and 
the S value for the Scheffe method of multiple comparisons. Analysis 
of variance shows a second order interaction of nationality, sex and 
the following structures:
i). Structure 1, A < B C >B and structure 6, A > B B > C (table 12ii)
ii). Structure 3, A > B C< B and structure 1, A < B  C > B  (table 12v)
iii). Structure 5» B < A  C < B  and structure 7» B > A C > B  (table 12vii) =
iv). Structure 8, B< A B > C  and structure 4» B> A B<C (table 12viii)
= Significant at the 5% level
The following first order interactions were observed,
i). Nationality X structure (5, A > B C< B + 6, A> B B > C) and 
sex X structure (table 12i).
ii). Nationality x sex, nationality x structure (5, B < A  C < B  + 8,
B < A  B>e) (table 12iii) .
iii). Nationality x structure (7, B> A C> B + 4» B > A  B < C  (table 12iv).
iv). Nationality x structure (6, A> B B> C + 2, A< B B<C) and 
sex X structure (table 12vi).
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As in the anlysis of the total data, there are no main effect 
differences in the reaction times of the various problem structures, 
both negative and positive.
In Table 13 (i to viii) the results are tabulated of the comparison 
of the means and the analysis of variance within solution times of 
four pairs of problems, each pair matched in all respects save that 
of negative or positive presentation. Three of the analyses 
showed second order interactions of nationality, sex and negative/ 
positive presentation (Table 13 i, iii and iv). One comparison
(Table 13 iii) indicates first order interactions between nationality 
and sex, and sex and negative/positive problems.
A similar comparison of four pairs of problems, differing only in 
the congruence/non congruence of the comparative term in the first 
premise and the question, was made by analysis of variance. The 
results are recorded in Table 14, i to iv. Two comparisons show 
first order interactions — nationality x sex, sex x congruence /non 
congruence ( Table 14ii); nationality x congruence/non congruence and 
sex X congruence/non congruence (Table 14iii). Second order
interactions were observed in the other two comparisons (Table 14i 
and 14iv).
The results of the analysis of variance for problems with height 
or weight dimensions are in Table 15, i to iv. Again there were 
no main effects differences but two second order interactions (Table 
15i and 15iii) and first order interactions, (nationality x 
wei^t/hei^t dimensions and sex x weight/height dimensions) in 
Table 15ii and (nationality x sex, nationality x wei^t/hei^t, sex 
X  wei^t/hei^t) in Table 15iv, were observed.
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Figure 39 (i " iv) shows ' learning curves'which have been extracted 
from the data. Because of the design of the experiment in which an 
initially randomised presentation pf ihe problems is systematically 
rotated for each subject, all 64 problems are twice presented 
in each group of four presentations. It is possible therefore 
to calculate the mean latencies for each succeeding presentation 
of problems - sixteen groups in all.
One would expect the mean latencies to reduce with succeeding 
groups of presentation due to the effect of learning on 
subject performance. There is howevei* in the four groups a very 
erratic performance with little indication of a learning effect.
Inspection of table 16, whilst giving no indication of the presence 
of a trend in successive data, clearly shows that the differences 
in group mean solution times identified in the analyses of 
variance within the total data are present throu^out the 
the successive presentation of the problems. However, besides the 
differences between the group data, a consideration of within group 
means and variance indicate considerable fluctuations of 
performance, the pattern of which seems to be peculiar to each group.
The data does not lend itself to any of the usual tests of 
significance since, besides having correlated samples, the 
individual responses within each presentation are not independent, 
each group of four response times being given by the same subject. 
However, the order of difference in variance between some presentations 
indicate that the subjects may be responding differently in respect of 
the task presented at different stages of presentation, although 
there is no unified trend to more economical solution times.
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Table , 17 gives the mean solution times and variance of the 
individual subject data of sixteen subjects from each of the four 
groups. Whilst the previously identified group differences are 
evident in the individual data, there are also indications of 
individual differences in performance within the groups, 
particularly within Trinidadian women.
To discover what individual subjects are doing during problem 
solving; a multiple regression analysis was carried out on the 
data collected from each of 16 subjects from the four groups; 
performance on problems containing hei^t comparatives was selected. 
The reaction time for each problem structure, $2 in all, is the 
dependent variable and certain structure characteristics are the 
independent variables, viz, marked adjectives in the premises and 
the question, end anchoring of the initial term in the premise 
and negative equative premises. The nomenclature of the first 
two independent variablesare from different models but each has 
an equivalently identified characteristic in the other models.
For example, marked adjectives in the linguistic model have 
similar prediction to working in a non preferred direction in De 
Soto's spatial model, and end anchoring has its equivalent 
process in Huttenlocher's logical subject of the premise of the 
premise and Clark's congruence.
Fit of the model was assessed in terms of the multiple squared 
2 2
correlation (R )• (R ) is a measure of the proportion of variance 
in the reaction time data accounted for by the independent variables; 
Hi^er values are indicative of a better fit. The results are 
summarised in table 18,
At first sight these results suggest that a considerable number
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of subjects, notably Trinidadian women, are following the usual 
strategies followed by experimental subjects. Fortunately in this 
P&xticular analysis there is a zero correlation of the independent 
variables, so we are able to make an unequivocal direct comparison 
of the weightings of the separate independent variables (table 19). 
Here it is clearly seen that the independent variable contributing 
most directly to a significant model fit is that of the negative 
equative premises. In only four cases (Trinidadian women 7, 13, 16, 
British men 11) of significant model fit would a significant 
result at the 5% level have been observed if the other two 
independent variables alone have been included in the analysis.
In only eight cases (Trinidadian women 1, 4, 12; British men 2, 11, 
14, British women 6, 7) when there was a significant model fit 
would the weightings of the negative equative variable alone not 
have produced a significant result, whereas there is no case of 
either of the other two independent variables producing such a 
weighting although an inspection of the data indicated that mark­
ing contributes more to the systematic variation in individual 
reaction time than does the end anchoring variable. There is, 
however, both individual and group variation.
So that what at first appears to be a reasonable model fit for
some subject data does not, on closer inspection, fulfil its promise
and one is left with much unexplained variance, since even the 
2
highest R value indicates 47% of unexplained variance in the sub­
ject's performance.
However, the analysis of individual data has allowed a closer in­
spection of the source of the variation in some of the subject 
“la ten ci e s. B esl de s”th e ~i n“d ica“tTbhs~that negative/positive problems
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account for more variation in performance than the other two variables, 
there are also interesting ^oup differences; Trinidadian men 
have, on average, only /^o of variation due to negative problems 
whereas Trinidadian women's negative problem latencies account for 
an average 25% of the variation in their scores; British men and 
women have an average 20)a variation related to negative problems. .
Marking and end anchoring both tend to contribute only a small 
percentage to variation in performance (2 — 4%) except in the case 
of Trinidadian women whose performance has 12^ o variance, on 
average, associated with the marking variable.
Whilst these are interesting group differences, an inspection of 
individual data shows that some subjects in the groups have 
responses that are atypical of their own group and have responses 
which, resemble those of subjects in other groups. Whilst the percentage 
of variation due to end anchoring and marking is similar in most groups, 
individuals differ in the relative amount of variation in 
performance due to these two variables. Althou^ most differences 
are not on a level of significance, most Trinidadian women (I4/I6) 
have more variation in response due to marking than to end anchoring. 
British women have the reverse result ( 11/16), with more variation due 
to end anchoring. Trinidadian men have 10 sujects with more variation 
due to marking and British men have 7 subjects with more variation 
due to marking, (variation that is almost identical has been 
excluded),
-The individual data was compared for goodness of-fit to - -.
differential models and parameter values presented by Sternberg
il9 8 0 ^ b j_ ^ in _ ^ u p j) o ^ p , fH iis H m ix e d l_ m o d e l_ o f- J h r a e - ^ m n - s  —
problem solving, based on a combination-of processes utilising
46.
both spatial and linguistic representation.
Flow chart representation of the three models used in the comparison 
are presented in tables 20 to 2$, The spatial and linguistic models 
described are based on but not identical to those described by 
such researchers as Huttenlocher, De Soto and Clark, so that they 
permit differential parameter estimates. When multiple regression 
analysis is used to compare the goodness of fit of the data to 
the three models, the variables identified are tabulated in table 23*
Hhe three proposed models have certain operations in_common r
encoding'of the'premises, the processing of negative problems
and marked adjectives - all giving rise to similar variation in
response patterns. Each model, however, has two operations specific
to it which give rise to differential prediction of response times.
The mixed model has pivotal search involving both spatial
and linguistic representation, depending on the immediate
availability of the pivotal term after the linguistic encoding.
It is immediately available in all positive equative problems. Negative
*
premises are, however, encoded in two ways, once according to the 
original premises and once according to the premises when •tiie terms 
are reversed, so that linguistically the pivotal term is no 
longer the only term with more than one 'relational tag' attached 
to it. The subject must then search for the term with the most 
'relational tags', unless it happens to be the last term encoded 
linguistically. The other component in the mixed model is response 
search which is associated with the relationship the question and the 
placement within the premise of the term which is the correct 
answer.
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The linguistic model has noncongruence of the comparative term 
in the question and that in the premise containing the correct 
answer to the problem, and pivotal search based on the linguistic 
processing of the first premise. The spatial model has pivotal 
search, needed when the middle term is not the second within each 
premise, and sériation in a non preferred direction.
The areas of disagreement among the models are the spatial or 
linguistic operations involved. More importantly, however, they 
disagree as to what further operations are required and 
consequently provides differential predictions, allowing the comparison 
of the models.
The comparative fit of the individual data to Sternberg's models 
is tabulated in table 24, There is no indication that any of the 
models show an overall best fit of the data but there are group 
differences, Trinidadian men's data fits the mixed model in over 
half of the subjects; Trinidadian women have a similar number of 
best fits of the data over the three models; British men have over half 
the subjects with best fits of data to the spatial model and British 
women's data has predominantly best fits to the linguistic model.
In spite of group characteristics, however, there are a notable 
number of subjects who appear to deviate from their group performance.
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Summary
i. There is no indication of hierarchical differences in the 
solution times of the eight different problem structures of 
determinate three term series problems. There are, however, 
differences, although not consistent, across problem structures 
between the four subject groups, 
ii. There are no main effect differences, i.e. across nationality 
or sex, in the solution times of problems divided into neg­
ative and positive, comparative term in the question the same 
or opposite to that in the first premise and problems involving 
either weight or height dimensions. There are, however, sig­
nificant group differences within the four subject groups, 
iii. Similar results are observed when data obtained from the pres­
entation of problems in the first half of the experiment is 
analysed.
iv. There is no indication of a trend towards a regular requence of 
change in subjects' problem solving behaviour in the means and 
variance of responses to successive presentations of the data.
V. The individual data of Trinidadian women show a better fit to 
a problem solving model based on the predictions of spatial 
and linguistic models. The Trinidadian men's data shows the 
worst fit, whilst the British groups have a considerable amount 
of individual variation. A consideration of the proportion of 
variance related to the various independent variables indicates 
that the main variation in the responses of most subjects is 
due to the difference between negative and positive problems. 
There is, however, in all subject data a considerable proportion 
of unexplained variation.
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vi A ^ comparative fit of individual data to Sternberg's mixed, 
spatial and linguistic models indicate no overall best 
fit of the data to any one model but there are certain group 
differences as well as considerable individual variation.
.Since the results of this experiment are clearly different from 
other findings on the solution of term series problems, it is 
necessary at this point to design a supplementary experiment 
before the results of the present experiment are discussed in 
relation to differences in experimental instruction. Such a 
supplementary experiment will be described here before a 
subsequent discussion of the results of both experiments.
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Table 3
a) Mean solution times of negative/positive problems
Negative problems Positive problems
Trinidadian Men 14.82 secs 11.72
Trinidadian Women 22.36 14.84
British Men 15.03 10.91
British Women .
- ■ - - --------------------
14.18 ' 9.74
[j) Analysis of variance within solution times of negative/positive 
problems
Source of 
Variation
Sum of 
Squares
Degrees of 
Freedom
Mean
Square F
Nationality (N) 773.99 773.99 614.28 *
Sex (S) 300.09 300.09 638.17 *
Negative/Positive (N/P) 1473.65 1 1473.65 1270.39 *
N X S 645.38 645.38 512.21 *
N X N/P 17.41 17.41 15.01 *
S X N/P 91.53 91.53 78.91 *
N X S X N/P 67.58 1 67.58 58.26 *
Subjects (P) within N/S 155.96 124 1.26
Residual (S x N/P) 
within N X S 143.32 124 1.16
* Significant at 1% level
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Table 4
Mean solution times of problems with the same/opposite comparative 
term in the first premise and the question
Same Comparative Opposite Comparative
Trinidadian Men 12.60 secs 13.94
Trinidadian Women 18.94 18.28
British Men 12.66 13.27
British Women 13.11 10.81
Analysis of Variance within solution times for problems with same/opposite 
comparative term in the first premise and the question
Source of 
Variation
Sum of 
Squares
Degress of 
Freedom
Mean
Square
F
Nationality (N) 774.20 774.20 614.44 *
Sex (S) 300.05 300.05 238.13 *
Same Opposite (S/0) 4.06 4.06 3.94
N X S 645.57 645.57 512.36 *
N X S/0 22.32 22.32 21.66 *
S X S/0 96.10 96.10 93.30 *
N X S X S/0 3.33 3.33 3.23
Subjects (P) 
within N X S 156.02 124 1.26
Residual (P x S/0) 
within N X S 127.42 124 1.03
* Significant at 1% level
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Table 5
Mean solution times of problems with weight/height dimension
Weight dimension Height dimension
Trinadadian Men 12.62 secs 13.92
Trinidadian Women 18.25 18.97
British Men 12.58 13.35
British Women 11.96 11.95
Analysis of Variance within solution times for problems with 
weight/height dimension
Source of 
Variation
{ Sum of 
1 Squares
Degrees of 
Freedom
Mean
Square
F
Nationality (N) 773.33 773.33 613.76 *
Sex (S) 299.68 299.68 237.84 *
Weight/Height (W/H) 31.00 31.00 22.63 *
N X S 644.72 644.72 511.68 *
N X W/H 6.40 1 6.40 4.67
S X W/H 7.50 7.50 5.47
N X S X W/H .14 .14 <1 .
Subjects (P) within 
N X S 155.96 124 1.26
Residual (P x W/H) 
within N X S 169.69 124 1.37
* significant at 1% level 
= significant at 5% level
Table 6
0 Mean solution times of the eight structures of determinate 
three term series problems
54
Trinidadian
Men
Trinidadian
Women
British
Men
British
Women
Structure 1 11.95 secs 16.04 11.41 11.94
" 2 11.28 16.59 13.43 11.09
" 3 15.15 19.16 12.82 9.14
4 14.22 23.18 15.18 13.92
5 14.59 22.18 13.54 11.85
" 6 12.92 17.73 10.95 11.36
. " 7 10.70 15.14
:
12.60 13.61
" 8 14.18 17.31 14.29 13.04
Analysis of Variance within solution times for the eight structures 
of determinate three term series problem
Source of 
Variation
Sum of 
Squares
Degrees of 
Freedom
Mean
Square F
Nationality (N) 2998.50 2998.50 261.65 *
Sex (S) 1360.87 1360.87 118.75 *
Structures (C) 1645.16 235.02 19.26 *
N X S 2870.62 2870.62 250.49 *
N x C 1005.03 143.58 11.77 *
S X C 313.69 44.81 3.67
N X S X C 592.97 84.71 6.94 *
Subjects (P) within 
N X S 1420.62 124 11.46
Residual (P x C) 
within N X S 10587.30 868
!
12.20
1
* Significant at 1% level
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Table 7
Mean solution times of the eight structues of determinate negative 
three term series problem
Trinidadian
Men
Trinidadian 
Women
British
Men
British
Women
Structure 1 12.13 secs 18.27 13.82 15.85
II 2 11.00 18.78 14.50 11.11
II 3 19.84 24.42 15.93 12.04
II 4 15.38 29.55 17.81 17.45
II 5 15.03 29.97 14.93 15.69
II 6 16.83 18.09 11.22 14.14
II 7 8.96 17.60 13.11 13.22
II 8 15.63 19.01 17.17 15.26
b) Analysis of Variance within solution times for the eight structures 
of determinate negative three term series problem
Source of 
Variation
Sum of 
Squares
Degrees of 
Freedom
Mean
Square F
Nationality (N) 3279.46 3279.46 358.80 *
Sex (S) 3267.09 3267.09 357.45 *
Structures (C) 5473.23 781.89 93.98 *
N X S 4173.11 4173.11 456.58 *
N x C 2164.49 309.21 37.16 *
S X C 1692.54 241.79 29.06 *
N X S X C 1655.63 236.52 28.43 *
Subjects (P) within 
N X S 1133.24 124 9.14
Residual (P x C) within 
N X  S 7223.86 868 8.32
* -Slgnif uant—at -1^—level-
Table 8
Mean solution times of the eight structures of determinate 
positive three term series problems
56.
Trinidadian
Men
Trinidadian 
Women
British
Men
British
Women
Structure 1 11.79 secs 13.81 8.99 8.03
” 2 11.55 14.39 12.35 11.06
M 3 10.46 13.89 9.71 6.23
4 13.06 16.81 12.55 10.39
" 5 14.16 14.39 12.15 8.00
" 6 9.01 17.36 10.68 8.57
1
" 7 12.43 12.68 12.09 13.99
" 8 12.73 15.60 11.41 10.81 !
) Analysis of Variance within solution times for the eight structures 
of determinate positive three term series problem
Source of 
Variation
Sum of 
Squares
Degrees of 
Freedom
Mean
Square
Nationality (N) 2218.61
Sex (S) 118.04
Structures (C) 1081.64
N X S 1338.85
N x C 647.25
S X C 441.81
N X S X C 678.42
Subjects (P) within 
N X S 458.11
Residual (P x C) 
within N X S 2863.89
12
868
2218.61 601.25 *
118.04 31.99 *
154.52 46.82 *
1338.85 362.83 *
92.46 28.02 *
63.12 19.13 *
96.92 29.37 *
3.69
3.30
* Significant at 1% level
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Table 11
Analyses of variance w ith in  so lu tion  times fo r the eight structures  
of determinate p o s itiv e  three term series problems, presented in  the 
f i r s t  h a lf  o f the experim ent.
( i )  Problems 8 (s tru c tu re  3. A > B C < B) and 58 (s tructu re  6. A > B B > C)
Source of 
V aria tio n
Sum of 
Squares
Degrees o f 
Freedom
Mean
Square F
N a tio n a lity  (N) 274.98 274.98 26.52*
Sex (S) 13.20 1 13.20 1.27
Structures (C) 389.03 389.03 37.51*
N X S 36.95 36.95 3.56
N X C 423.51 1 423.51 40.84*
S X C 3.27 3.27 <1
N X S X C 116.15 116.15 11.20*
W ithin c e lls 1244.99 120 10.37
* S ig n ific a n t a t 1% le v e l
Mean Solution Times o f Problems 8 and 58
Trin idadian
Men
Trin idad ian
Women
B ritis h
Men
B r it is h
Women
Problem 8 7.50 13.26 6.09 8.34
Problem 58 7.63 15.03 9.37 5.68
Scheffe method o f m u ltip le  comparisons
 -----— ---- - S - = - 2  r 9 0 ------------------
F 5% S = 2.19
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(ii) Problems 1 (Structure 1, A < B C > B) and 56 (Structure 4, B > A B < C)
Source of 
V a ria tio n
Sum of 
Squares
Degrees of 
Freedom
Mean
Square F
N a tio n a lity  (N) 2.14 1 2.14 <1
Sex (S) 1368.30 1368.30 159.10 *
Structures (C) 103.54 103.54 12.04 *
N X S 59.68 1 59.68 6.94 *
N X C 55.41 55.41 6.44=
S X C .97 .97 <1
N X S X C 559.87 1 559.87 65.10 *
W ithin c e lls 1032.20 120 8.60
* S ig n ific a n t a t 1% le v e l 
= S ig n ific a n t a t 5% le v e l
Mean Solution Times o f Problems 1 and 56
Trin idadian
Men
Trin idad ian
Women
B rit is h
Men
B r it is h
Women
Problem 1 8.94 10.70 9.83 5.86
Problem 56 18.12 14.24 11.00 18.12
Scheffe method o f m u ltip le  comparisons 
F 1% S = 2.64
F 5% S = 1.99
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(iii) Problems 11 (Structure 5, B < A C < B) and 51 (Structure 8, B < A B > C)
Source o f 
V a ria tio n
Sum of 
Squares
Degrees of 
Freedom
Mean
Square
F
N a tio n a lity  (N) 33.77 33.77 3.17
Sex (S) 45.23 45.23 4.25
Structures (C) 285.57 285.57 26.84*
N X S 112.59 112.59 10.58*
N X C 251.47 251.47 23.63*
S X C 677.35 677.35 63.66*
N X S X C 23.64 1 23.64 2.22
W ithin c e lls 1276.87 120 10.64
* S ig n ific a n t a t 1% le v e l
Mean Solution Times o f Problems 11 and 51
Trin idadian
Men
Trin idad ian
Women
B ritis h
Men
B r it is h
Women
Problem 11 18.24 13.39 8.71 7.75
Problem 51 13.81 11.00 11.76 16.27
Scheffe method o f m u ltip le  comparisons
F 1% S = 2.95
F~5%--------S-=-2.-23
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( iv )  Problems 17 (S tructure 7, B > A C > B) and 47 (Structure 4, B > A B < C'
Source of Sum of Degrees of Mean FV aria tio n Squares Freedom Square
N a tio n a lity  (N) 752.48 1 752.48 73.41 *
Sex (S) 14.01 14.01 1.37
Structures (C) 15.73 . 15.73 1.53
N X S 47.18 47.18 4.60
N X C 88.13 88.13 8.60 *
S X C 6.89 6.89 < 1
N X S X C 385.97 1 385.97 37.66 *
W ithin c e lls 1229.60 120 10.25
* S ig n ific a n t a t 1% le v e l
Mean Solution Times o f Problems 17 and 47
Trin idadian
Men
Trin idad ian
Women
B ritis h
Men
B r it is h
Women
Problem 17 8.98 13.23 7.40 15.28
Problem 47 5.60 14.36 11.89 10.40
Scheffe method o f m u ltip le  comparisons 
F 1% S = 2.87
F 5% S = 2.17
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(v) Problems 8 (Structure 3. A > B C < B) and 61 (Structure 1, A < B C > B)
Source of 
V aria tio n
Sum of 
Squares
Degrees o f 
Freedom
Mean
Square
F
N a tio n a lity  (N) 677.12 1 677.12 61.61 *
Sex (S) 34.57 34.57 3.15
Structure (C) 414.43 414.43 37.71 *
N X S 11.29 11.29 1.03
N X C 349.21 349.21 31.78 *
S X C 5.95 5.95 < 1
N X S X C 78.94 78.94 7.18 *
W ithin c e lls 1318.34 120 10.99
*  S ig n ific a n t a t 1% le v e l
Mean Solution Times o f Problems 8 and 61
Trin idadian
Men
Trin idad ian
Women
B r it is h
Men
B r it is h
Women
Problem 8 
Problem 61
7.50
6.81
13.24
16.88
6.07
7.65
8.34
9.97
Scheffe method of multiple comparisons
F 1%
F 5%
S = 2.98
S = 2.25
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(vi) Problems 56 (Structure 4,B > A B < C) and 23 (Structure 6, A > B B > C)
Source of 
V aria tio n
Sum of 
Squares
Degrees of 
Freedom
Mean
Square
F
N a tio n a lity  (N) 328.74 328.74 36.81 *
Sex (S) 845.48 845.48 94.68 *
Structures (C) 59.17 59.17 6.63 =
N X  S 79.81 79.81 8.94 *
N X  C 292.06 292.06 32.71 *
S X  C 284.68 284.68 31.88 *
N X  S X  C 196.69 196.69 22.03 *
W ithin c e lls 1071.83 120 8.93
* S ig n ifican t a t 1% le v e l
= S ig n ifican t a t 5% leve l
Mean Solution times o f Problems 56 and 23
Trin idadian
Men
Trin idad ian
Women
B r it is h
Men
B r it is h
Women
Problem 56 18.12 14.24 11.00 18.12
Problem 23 5.94 10.18 9.74 15.06
Scheffe method of multiple comparisons
F 1%
F 5%
S = 2.69
S = 2.03
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(vil) Problems 11 (Structure 5, B < A C < B) and 17 (Structure 7, B > A C > B)
Source o f 
V a ria tio n
Sum of 
Squares
Degrees of 
Freedom
Mean
Square F
N a tio n a lity  (N) 84.35 84.35 8.49 *
Sex (S) 16.10 1 16.10 1.62
Structures (C) 422.13 1 422.13 42.51 *
N X S 653.53 1 653.53 65.81 *
N X C 118.21 118.21 11.90 *
S X C 501.53 501.53 50.51 *
N X S X C .01 .01 <1
W ithin c e lls 1191.76 120 9.93
* S ig n ific a n t at 1% le v e l
Mean Solution times o f  Problems 11 and 17
Trin idadian
Men
Trin idad ian
Women
B ritis h
Men
B r it is h
Women
Problem 11 18.24 13.39 8.71 7.74
Problem 17 8.98 13.23 7.40 15.46
Scheffe method o f m u ltip le  comparisons
F 1%
F 5%
S = 2.84  
S = 2.15
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(viii) Problems 10 (Structure 4, B > A B < C) and 46 (Structure 8, B < A B > C)
Source of 
V a ria tio n
Sum of 
Squares
Degrees o f 
Freedom
Mean
Square F ■
N a tio n a lity  (N) 8.46 8.46 <1
Sex (S) 1212.10 1212.10 54.02 *
Structures (C) 1233.49 1233.49 54.97 *
N X S 117.49 117.49 5.24 =
N X C 50.46 50.46 2.25
S X C 1350.24 1350.24 60.17 *
N X S X C 75.81 75.81 3.38
W ithin c e lls 2693.24 120 22.44
* S ig n ific a n t a t 1% le v e l 
= S ig n ific a n t a t 5% le v e l
Mean Solution times o f Problems 10 and 46
Trinidadian
Men
Trin idadian
Women
B rit is h
Men
B r it is h
Women
Problem 10 22.56 26.76 12.65 11.26
Problem 46 13.37 10.65 13.37 11.22
Scheffe method of multiple comparisons
F 1%
F 5%
S = 4.28
S = 3.23
67
(ix) Problems 43 (Structure 6, A > B B > C) and 4 (Structure 2, A < B B < C)
Source of 
V a ria tio n
Sum of 
Squares
Degrees of 
Freedom
Mean
Square
F
N a tio n a lity  (N) 210.64 210.64 15.81 *
Sex (S) 14.69 1 14.69 1.10
Structures (C) 250.38 250.38 18.80 *
N x S 173.21 1 173.21 13.00 *
N X C 141.04 141.04 10.59 *
S X C 319.29 319.29 23.97 *
N X S X C 220.76 220.76 16.57 *
W ithin c e lls 1598.39 120 13.32
* S ig n ific a n t a t 1% le v e l
Mean so lution  times o f Problems 43 and 4
Trin idadian
Men
Trin idad ian
Women
B ritis h
Men
B r it is h
Women
Problem 43 13.03 22.65 11.80 11.97
Problem 4 14.15 13.86 13.99 14.75
Scheffe method o f m u ltip le  comparisons
F 1% S = 3 .2 9
F 5% S = 2.48
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(x) Problems 61 (Structure 1,A < B C > B) and 7 (Structure 2, A < B B < C)
Source o f 
V a ria tio n
Sum of 
Squares
Degrees of 
freedom
Mean
Square F
N a tio n a lity  (N) 103.54 103.54 9.03 *
Sex (S) 23.67 1 23.67 2.06
Structure (C) 333.72 333.72 29.10 *
N x S 372.99 372.99 32.52 *
N X C 393.47 1 393.47 34.30 *
S X C 21.50 21.50 1.87
N X S X C 58.21 58.21 5.07 *
W ithin c e lls 1376.31 120 11.47
* S ig n ific a n t a t 1% le v e l
Mean so lu tion  times o f Problems 61 and 7
Trin idadian
Men
Trin idad ian
Women
B r it is h
Men
B r it is h
Women
Problem 61 6.81 16.88 7.62 7.97
Problem 7 11.61 12.15 11.36 7.59
Scheffe method of multiple comparisons
F 1%
F 5%
S = 3.05
S = 2.30
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Table 12
Analyses of variance w ith in  so lu tion  times fo r  the eight structures  
of determinate negative three term series problems, presented in  the 
f i r s t  h a lf  o f the experiment.
i .  Problems 38 (S tructure 3, A > B C < B) and 13 (S tructure 6, A > B B > C)
Source of 
V aria tio n
Sum of 
Squares
Degrees of 
freedom
Mean
Square
.
F
N a tio n a lity  (N) 295.40 295.40 11.17 *
Sex (S) 820.68 820.68 31.04 *
Structure (C) 2398.91 1 2398.91 90.76 *
N x S 36.86 36.86 1.39
N X C 1146.67 1146.67 43.37 *
S X C 241.48 241.48 9.13 *
N X S X C 16.77 16.77 <1
W ithin c e lls
«
3172.66 120 26.44
* S ig n ifican t at 1% le v e l 
Mean solu tion  times o f problems 38 and 13
Trin idadian
Men
Trin idadian
Women
B ritis h
Men
B r it is h
Women
Problem 38 21.48 30.86 15.34 14.19
Problem 13 14.02 22.67 14.82 10.03
Scheffe method o f m u ltip le  comparisons 
F 1% S = 3.51
F 5% S = 4.65
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ii. Problems 3 (Structure 1, A < B C > B and 59 (Structure 6, A > B B > C)
Source of 
V a ria tio n
Sum of 
Squares
Degrees o f 
freedom
Mean
Square
F
N a tio n a lity  (N) 45.52 45.52 4.25 =
Sex (S) 91.51 1 91.51 8.54 *
Structures (C) 1068.90 1068.90 99.71 *
N x S 415.76 415.76 38.78 *
N X C ' 241.75 241.75 22.55 *
S X C .95 .95 <1
N X S x  C 487.62 487.62 45.49 *
W ithin c e lls 1286.15 120 10.72
* S ig n ific a n t a t 1% le v e l 
= S ig n ific a n t at 5% le v e l
Mean so lu tion  times of problems 3 and 59
Trin idadian
Men
Trin idadian
Women
B r it is h
Men
B r it is h
Women
Problem 3 18.07 19.32 11.25 14.87
Problem 59 16.25 18.10 16.95 5 .5
Scheffe method o f m u ltip le  comparisons 
F 1% S = 2.23
F 5% S = 2.95
71.
iii. Problems 32 (Structure 5, B < A C  < B) and 54 (Structure 8, B < A B > C)
Source of 
V a ria tio n
Sum of 
Squares
Degrees of 
freedom
Mean
Square F
N a tio n a lity  (N) 1234.67 1234.67 52.14 *
Sex (S) 107.49 1 107.49 4.54 =
Structure (C) 1196.71 1196.71 50.54 *
N x S 819.21 819.21 34.60 *
N X C 640.73 640.73 27.06 *
S X C 411.77 411.77 17.39 *
N X S X C 64.44 64.44 2.72
W ithin c e lls 2841.07 120 23.68
!
* S ig n ific a n t a t 1% le v e l 
= S ig n ific a n t at 5% le v e l
Mean so lu tion  times o f problems 32 and 54
Trin idadian
Men
Trin idad ian
Women
B ritis h
Men
B r it is h
Women
Problem 32 14.57 31.73 10.76 16.14
Problem 54 19.29 23.50 19.81 17.92
Scheffe method o f m u ltip le  comparisons 
F 1% S = 3.31
F 5% S = 4.38
72.
iv. Problems 24 (Structure 7, B > A C > B) and 39 (Structure 4, B > A B < C)
Source of 
V a ria tio n
Sum of 
Squares
Degrees of 
freedom
Mean
Square
F
N a tio n a lity  (N) 588.07 1 588.07 17.46 *
Sex (S) 2461.39 2461.39 73.06 *
Structures (C) 274.37 274.37 8.14 *
N x S 6.02 1 6.02 <1
N X C 3217.42 1 3217.42 95.50 *
S X C 35.36 35.36 1.05
N X S X C 101.85 101.85 3.02
W ithin c e lls 4043.12
■1
120 33.69
*  S ig n ific a n t a t 1% le v e l
Mean so lu tion  times of problems 24 and 39
Trin idadian
Men
Trin idadian
Women
B ritis h
Men
B r it is h
Women
Problem 24 8.85 20.95 15.22 10.83
Problem 39 16.45 32.99 24.29 17.20
Scheffe method o f m u ltip le  comparisons 
F 1% S = 3.94  
F 5% S = 5.22
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V. Problems 44 (Structure 3, A > B C < B ) and 3 (Structure 1, A < B C > B)
Source of 
V a ria tio n
Sum of 
Squares
Degrees of 
freedom
Mean
Square
F
N a tio n a lity  (N) .34 .34 <1
Sex (S) 378.26 378.26 13.10 *
Structures (C) 1972.86 1972.86 68.31 *
N x S 170.52 170.52 5.90 =
N X C 108.74 1 108.74 3.77
S X C 161.28 161.28 5.58 =
N X S X C 287.70 287.70 9.96 *
W ithin c e lls 3465.75 120 28.88
*  S ig n ific a n t a t 1% le v e l 
= S ig n ific a n t a t 5% le v e l
Mean solu tion  times o f problems 44 and 3
Trin idadian  
Men '
T rin idad ian
Women
B ritis h
Men
B r it is h
Women
Problem 44 23.06 25.69 17.81 10.76
Problem 3 18.07 19.31 11.31 14.87
Scheffe method of multiple comparisons
F 1% S = 3.66
F 5% S = 4.85
74.
vi. Problems 13 (Structure 6, A > B B > C) and 60 (Structure 2, A < B B < C)
Source o f 
V a ria tio n
Sum of 
Squares
Degrees of 
freedom
1 Mean 
1 Square
F
N a tio n a lity  (N) 231.61 1 231.61 12.42 *
Sex (S) 65.07 65.07 3.49
Structures (C) 233.28 233.28 12.51 *
N x S 16.83 16.83 <1
N X C 1480.50 1480.50 79.38 *
S X C 329.99 329.99 17.69 *
N X S X C .27 .27 <1
W ithin c e lls 2237.98 120 18.65
* S ig n ific a n t a t 1% le v e l
Mean so lu tion  times o f problems 13 and 60
Trin idadian
Men
Trin idad ian
Women
B r it is h
Men
B r it is h
Women
Problem 13 14.02 22.70 14.82 10.08
Problem 60 8.57 18.88 15.97 12.49
Scheffe method o f m u ltip le  comparisons 
F 1% S = 2.94
F 5% S = 3.89
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vil. Problems 32 (Structure 5, B < A C < B) and 55 (Structure 7, B > A C > B)
Source o f 
V a ria tio n
Sum of 
Squares
Degrees o f  
freedom
Mean
Square
F
N a tio n a lity  (N) 1619.73 1 1619.73 94.33 *
Sex (S) 689.36 689.36 40.15 *
Structures (C) 406.73 406.73 23.67 *
N x S 552.74 552.74 32.17 *
N X C 591.12 1 591.12 34.43 *
S X C 1205.10 1205.10 70.19 *
N X S X C 81.55 81.55 4.78 =
W ithin c e lls 2060.70 120 17.17
*  S ig n ific a n t a t 1% le v e l 
= S ig n ific a n t a t 5% le v e l
Mean solu tion  times o f problems 32 and 55
Trin idadian
Men
Trin idad ian
Women
B r it is h
Men
B r it is h
Women
Problem 32 14.57 31.73 10.76 16.14
Problem 55 9.54 15.20 14.82 15.07
Scheffe method of multiple comparisons
F 1% S = 2.82
F 5% S = 3.73
76.
viii. Problem 21 (Structure 8, B < A B > C) and 39 (Structure 4. B > A B < C)
Source of 
V a ria tio n
Sum of 
Squares
Degrees o f 
freedom
Mean
Square F
N a tio n a lity  (N) 452.06 452.06 12.85
Sex (S) 642.39 642.39 18.27
*
Structures (C) 459.01 459.01 13.05
N x S 29.62 29.62 <1
N X C 2714.09 2714.09 77.17
*
S X C 1.18 1.18 <1
N X S X C 216.61 216.61 6.16
-X-
W ithin c e lls 4220.43 120 35.17
Significant at 1% level
Mean so lu tion  times fo r Problems 21 and 39
Trin idadian
Men
Trin idad ian
Women
B r it is h
Men
B r it is h
Women
Problem 21 15.35 24.75 18.36 14.55
Problem 39 16.45 32.99 24.29 17.20
Scheffe test of multiple comparisons
F 1% S = 5.35
F 5% S = 4.04
Table 13 77
Analyses o f variance w ith in  the so lu tion  times fo r negatlve /postlve  
problems, presented in  the f i r s t  h a lf  of the experim ent.
( i )  Problems 2 (P0H2) and 59 (N0H2)
Source of 
V a ria tio n
Sum of 
Squares
Degrees of 
Freedom
Mean
Square
F
N a tio n a lity  (N) 69.15 1 69.15 4.94 =
Sex (S) 128.20 128.20 9.16 *
N egative /P ositive  (N/P) 301.60 301.60 21.56 *
N x S 353.58 353.58 25.27 *
N X N/P 824.38 824.38 58.93 *
S X N/P 265.25 265.25 18.96 *
N X S X N/P 79.85 79.85 5.71 =
W ithin c e lls 1679.38 120 13.99
* S ig n ific a n t a t 1% le v e l 
= S ig n ific a n t a t 5% le v e l
Mean Solution Times of problems 2 and 59
P o sitive  
(problem 2)
Negative 
(problem 59)
Trin idad ian  Men 9.62 16.24
Trin idad ian  Women 14.97 18.10
B r it is h  Men 12.92 16.95
B r it is h  Women 11.28 5.50
Scheffe method fo r m u ltip le  comparisons 
S = 3.37 (1% le v e l of s ign ificance)
8 = 2.54 (5% level of significance)
(ii) Problems 9 (PSHl) and 48 (NSHl)
78.
Source of 
V a ria tio n
Sum of 
Squares
Degrees of 
Freedom
Mean
Square F
N a tio n a lity  (N) 40.92 40.92 2.15
Sex (S) 375.00 375.00 23.44 *
N egative /P ositive  (N/P) 10.23 10.23 <1
N x S 546.85 546.85 34.18 *
N X N/P 1.78 1.78 <1
S X N/P 1494.61 1494.61 93.41 *
N X S X N/P .32 .32 <1
W ithin  c e lls 2287.24 120 19.06
* S ig n ific a n t at 1% le v e l
Mean Solution Times of problems 9 and 48
P o s itive  
(problem 9)
Negative 
(problem 48)
Trin idad ian  Men 17.05 9.63
Trin idad ian  Women 13.91 14.54
B r it is h  Men 10.65 16.67
B r it is h  Women 7.78 22.27
Scheffe method fo r  m u ltip le  comparisons 
8 = 3.94 (1% le v e l of s ig n ifican ce )
S = 2.97 (5% level of significance)
79,
iii (Problems 7 (P0W2) and 60 (N0W2)
Source of 
V a ria tio n
Sum o f 
Squares
Degrees of 
Freedom
Mean
Square
F
N a tio n a lity  (N) 25.93 1 25.93 1.99
Sex (S) 348.38 1 348.38 26.68 *
N egative /P ositive  (N/P) 28.83 ■- i 28.83 2.21
N x S 202.48 1 202.48 15.50 *
N X N/P 655.45 1 655.45 50.19 *
S X N/P 68.26 1 68.26 5.23 =
N X S X N/P 179.43 1 179.43 13.74 *
W ithin c e lls 1567.12 120 13.06
* S ig n ific a n t at 1% le v e l 
= S ig n ific a n t at 5% le v e l
Mean Solution Times of problems 7 and 60
P o s itive  
(problem 7)
Negative 
(problem 60)
T rin idad ian  Men 11.61 8.57
Trin idad ian  Women 12.15 18.88
B r it is h  Men 11.36 15.97
B r it is h  Women 7.59 12.49
Scheffe method fo r  m u ltip le  comparisons 
S = 3.26 (1% le v e l o f s ig n ifican ce) 
S = 2.46 (5% le v e l o f s ign ificance)
80.
(iv) Problems 17 (PSW7) and 55 (NSW7)
Source of 
V a ria tio n
Sum of 
Squares
Degrees o f 
Freedom
Mean
Square
F
N a tio n a lity  (N) 664.16 664.16 50.51 *
Sex (S) 182.57 182.57 13.88 *
N egative /P os itive  (N/P) 67.21 1 67.21 5.11 =
N x S 81.65 81.65 6.21 =
N X N/P 5.10 5.10 <1
S X N/P 40.31 1 40.31 3.07
N X S X N/P 169.63 169.63 12.82 *
W ith in  c e lls 1577.75 120 13.15
*  S ig n ific a n t a t 1% le v e l 
= S ig n ific a n t at 5% le v e l
Mean So lution  Times of problems 17 and 55
' . V
P o sitive  
(problem 17)
Negative 
(problem 55)
Trin idad ian  Men 8.98 9.54
Trin idad ian  Women 13.23 15.20
B r it is h  Men 7.40 14.82
B r it is h  Women 15.46 15.07
Scheffe methods fo r  m ultip le  comparisons 
S = 3.26 (1% le v e l of s ign ificance)
S = 2,46 (5% level of significance)
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Table 14
Analyses o f variance w ith in  the so lu tion  times w ith  the same/opposite 
comparative term in  the f i r s t  premise and the question, presented 
in  the f i r s t  h a lf  o f the experiment.
( i )  Problems 23 (P0H6) and 34 (PSH6)
Source o f 
v a ria tio n
Sum of 
Squares
Degrees o f 
Freedom
Mean
Square
F
N a tio n a lity  (N) 500.54 500.54 71.00 *
Sex (S) 129.52 1 129.52 18.37 *
D irec tio n  (S /0 ) 4.1 4.1 <1
N x S 22.01 1 22.01 3.12
N X S/0 91.77 91.77 13.02 *
S X S/0 507.61 1 507.61 72.00 *
N X S X S/0 159.89 159.89 22.68 *
W ithin c e lls 846.03 120 7.05
* S ig n ific a n t a t 1% le v e l 
Mean so lu tion  times o f problems 23 and 34
Same comparative 
term (problem 23)
Opposite comparative 
term (problem 34)
Trin idad ian  Men 5.94 10.53
Trin idad ian  Women 10.18 17.58
B r it is h  Men 9.74 10.83
B r it is h  Women 15.06 10.03
Scheffe method fo r  m u ltip le  comparisons
S = 2 .40  . (1% leve l o f s ig n ifican ce )
' —  S -= -irSl ~(5%T^vel—of-significance)
82.
(ii) Problems 3 (NOHl) and 48 (NSHl)
Source of 
v a ria tio n
Sum of 
Squares
Degrees o f 
Freedom
Mean
Square F
N a tio n a lity  (N) 471.44 471.44 29.47 *
Sex (S) .45 .45 <1
D irec tio n  (S /0) 25.71 25.71 1.61
N x S 65.11 65.11 4.07 =
N X S/0 17.80 17.80 <1
S X S/0 1353.37 1353.37 84.59 *
N X S X S/0 5.36 5.36 <1
W ithin c e lls 2200.34 120 18.34
*  S ig n ific a n t a t 1% leve l 
= S ig n ific a n t a t 5% le v e l
Mean so lu tion  times of problems 3 and 38
Same comparative 
term (problem 3)
Opposite comparative 
term (problem 48)
Trin idad ian  Men 18.08 9.61
Trin idad ian  Women 19.32 14.54
B r it is h  Men 11.31 16.67
B r it is h  Women 14.87 22.27
Scheffe method fo r  m u ltip le  comparisons 
8 = 3.86 (1% le v e l o f s ig n ifican ce )
S = 2.92 (5% level of significance)
(ill) Problems 10 (P0W4) and 47 (PSW4)
83,
Source of 
V a ria tio n
Sum of 
Squares
Degrees o f  
Freedom
Mean
Square F
N a tio n a lity  (N) 246.36 246.36 15.40 *
Sey (S) 1925.10 1 1925.10 120.32 *
D irec tio n  (S /0 ) 1069.65 1 1069.65 66.85 *
N X S 60.31 60.31 3.77
N X S/0 439.86 439.86 27.49 *
S X S/0 1533.61 1533.61 95.85 *
N X S X S/0 26.64 1 26.64 1.44
W ithin c e lls 2218.52 120 18.49
*  S ig n ific a n t at le v e l
Mean so lu tion  times of problems 10 and 47
Same comparative 
term (problem 10)
Opposite comparative 
term (problem 47)
Trin idad ian  Men 22.56 5.60
Trin idad ian  Women 26.76 14.36
B r it is h  Men 12.65 11.36
B r it is h  Women 11.26 10.89
Scheffe method fo r m u ltip le  comparisons
S = 3.86 (1% le v e l o f s ign ificance) 
S = 2.92 (5% le v e l o f s ign ificance)
84.
(iv) Problems 13 (N0W6) and 62 (NSW6)
Source of 
V a ria tio n
Sum of 
Squares
Degrees o f 
Freedom
Mean
Square
F
N a tio n a lity  (N) 1070.75 1070.75 66.92 *
Sex (S) 232.17 232.17 14.51 *
D irec tio n  (S /0) 327.20 327.20 20.45 *
N X S 466.84 466.84 29.18 *
N X S/0 562.17 . 567.17 35.14 *
S X S/0 235.63 235.63 14.73 *
N X S X S/0 209.99 202.99 12.69 *
W ithin c e lls 2256.02 120 18.80
* S ig n ific a n t a t 1% le v e l
Mean solution  times o f problems 13 and 62
Same comparative 
term (problem 15)
Opposite comparative 
term (problem 62)
Trin idadian Men 14.02 7.31
Trin idadian Women 22.10 18.59
B r it is h  Men 14.82 8.50
B r it is h  Women 10.08 16.43
Scheffe method fo r m u ltip le  comparisons 
S = 3.92 (1% le v e l of s ig n ifican ce), 
S = 2.96 (5% le v e l o f s ign ificance)
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Table 15
Analysis o f variance w ith in  so lu tion  times fo r problems w ith  
height/w eight dimension, presented in  the f i r s t  h a lf  o f the 
experiment.
i . Problems 45 (NOW 8) and 21 (NOH 8)
Source o f 
V a ria tio n
Sum of 
Squares
Degrees o f 
freedom
Mean
Square
F
N a tio n a lity  (N) 131.85 1 131.85 2.13
Sex (S) 129.83 1 129.83 2.10
Dimension (W/H) 98.09 98.09 1.59
N X S .03 .03 <1
N X W/H 432.44 432.44 6.99 *
S X W/H 107.22 107.22 1.73
N X S X W/H 252.14 252.14 4.08 =
W ithin c e lls 7422.74 120 61.86
* S ig n ific a n t a t 1% le v e l 
= S ig n ific a n t a t 5% le v e l  
Mean so lu tion  times o f problems 45 and 21
Weight dimension 
(problem 45)
Height dimension 
(problem 21)
Trin idad ian  Men 14.28 15.35
Trin idad ian  Women 17.21 23.83
B r it is h  Men 15.23 18.25
B r it is h  Women 16.42 13.77
Scheffe method fo r ,m u ltip le  comparisons
S = 7.10 (1% le v e l o f s ig n ifican ce)
S = 5.36 (5% level of significance)
il. Problems 32 (NSW 5) and 49 (NSH 5)
86.
Source of 
V a ria tio n
Sum of 
Squares
Degrees o f 
freedom
Mean
Square
F
N a tio n a lity  (N) 3210.57 3210.57 64.35 *
Sex (S) 381.57 381.57 7.65 *
Dimension (W/H) 1145.29 1145.29 22.96 *
N X H 50.43 50.43 1.01
N X W/H 1058.58 1058.58 21.22 *
S X W/H 442.83 442.83 8.88 *
N X S X W/H .647 .647 <1
W ithin c e lls 5986.85 120 49.89
* S ig n ific a n t at 1% le v e l
Mean so lu tion  times of problems 32 and 49
Weight dimension 
(problem 32)
Height dimension 
(problem 49)
Trin idad ian  Men 14.57 15.70
Trin idad ian  Women 31.73 30.07
B r it is h  Men 10.76 19.05
B r it is h  Women 16.14 22.20
Scheffe method fo r  m u ltip le  comparisons
S = 6.37 (1% le v e l of s ign ificance) 
S = 4.81 (5% le v e l o f s ign ificance)
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ill. Problems 58 (POW 6) and 23 (POH 6)
Source of 
V a ria tio n
Sum o f  
Squares
Degrees o f  
freedom
Mean
Square
p
N a tio n a lity  (N) 349.54 349.54 35.75 *
Sex (S) 19.63 19.63 2.81
Dimension (W/H) 2.04 2.04 <1
N X S 70.03 70.03 10.03 *
N X W/H 197.66 1 197.66 28.32 *
S x W/H 535.38 1 535.38 76.70 *
N X S X W/H 293.24 293.24 42.01 *
W ithin c e lls 837.71 120 6.98
♦S ig n ific a n t at 1% le v e l 
Mean so lu tion  times of problems 58 and 23
Weight dimension 
(problem 58)
Height dimension 
(problem 23)
Trin idad ian  Men 7.70 5.94
Trin idad ian  Women 15.03 10.18
B r it is h  Men 9.37 9.74
B r it is h  Women 5.68 15.06
Scheffe method fo r  multiple^ comparisons 
S = 2.38 (1% le v e l o f s ign ificance)
S - 1.79 (5% level of significance)
(iv) Problems 17 (PSW 7) and 41 (PSH 7)
88.
Source of 
V a ria tio n
Sum of 
Squares
Degrees o f 
freedom
Mean
Square
F
N a tio n a lity  (N) 355.18 355.18 34.52 *
Sex (S) 2.00 2.00 <1
Dimension (W/K) 198.90 198.90 19.33 *
N X S 254.76 254.76 24.76 *
N X W/H 147.71 147.71 14.35 *
S X W/H 150.16 1 150.16 14.59 *
N X S X W/H 1.93 1.93 <1
W ithin c e lls 1235.20 120 10.29
* S ig n ific a n t a t 1% le v e l
Mean solu tion  times o f problems 17 and 41
• Weight dimension 
(problem 17)
Height dimension 
(problem 41)
T rin idad ian  Men 8.98 10.13
Trin idad ian  Women 13.23 8.25
B r it is h  Men 7 .40 12.40
B r it is h  Women 15.44 15.30
Scheffe method fo r  m u ltip le  comparisons 
S = 2.87 (1% le v e l o f s ig n ifican ce)
S = 2.17 (5% level of significance)
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Table 1.6
Mean and variance of solution times of problems presented In successive 
KTOuns of data
Trinidadian
Men
Trinidadian . 
Women
British.
Men
•Bi*
W
itish-
omen
group m V m V V m, ' V
1 13-23 34.16 18.32 67.82 13.06 23-75 11 <70 :29,.65
2 13.34 32.13 18.07 85.87 12.75 21.41 12.26 30.50
.3 12.84 28.19 18.28 65.56 13.49 31-47 11.91
24.11
4 12.75 34.18 18.14 67.17 12.41 15-73 11.5s 22.24
5 13.08 35.39 18.16 56.70 13.92 ■ 29-63
12.02 30.97
6 12.76 35-87 1&-72 82.40 12.81 22.57 12.19 50.80
7 12.43 33-14 17.66 56.11 12.89 27.20 12.16 32.75
8 13.00 31-58 17.92 61.65 12.58 21.56 11.82 37.15
9 13.12 29-80 17.69 59.63 12.94 20.75 11.27
29.04
10 13.32 41.32 18.34 49.46 13.36 27-89 11.50
29.40
11 12.65 31-07 18.10 54.33 . 12.75 23.67 11.62
25.74
12 13.21 30-55 18.08 54.30 13.49 24.20 11.81 31-76
13 12.10 21.65 18.37^ 59.55 12.54 29-34
11.88 43.64
14 12.83 32.63 17.66 75.22 13.39 , 24.70 12.01 28.90
15 13.37 36.07 18.31 62.66 13.05 20.43 11.79
26.37
16 13.00 33.22 18.61 78.85 12.16 20.06 12.16 34.55
Table 1?
Mean solution time and variance of individual subject data
90.
Trinidadian
Men
Trinidiadian
Women
British
Men
British
Women
m V V ÏÏ1 , V V
1 12.81 27.01 17.77 41.12 13.90 23.94 11.90 28.29
2 12.94 20.09 15.92 34.60 13.22 21.32 12.13 29.83
3 13.31 24.45 16.94 36.91 13.28 27.23 11.62 28.54
4 12.74 27.67 17.19 42.97 13.95 34.62 11.95 28.37
5. 14.30 59.37 17.65 51.63 12.77 . 20.91 10.42 19.57
6 13.90 39.64 19.91 131.50 13.87 12.24 12.82 42.98
7 13.44 24.43 19.59 105.87 13.51 19.34 12.32 36.59
8 13.35 19.52 19.77 89.26 13.54 28.31 11.39 24.89
9 13.86 34.40 16.95 46.15 12.62 23.08 11.69 41.17
10 14.50 39.59 15.86 114.69 13.69 22.15 11.65 34.16
11 13.32 25.71 19.26 71.89 . 13.43 20.01 10.95 29.09
12 13.08 30.02 13.39 88.21 13.68 31.65 11.51 22.09
13 13.45 23.36 18.54 69.49 13.57 32.62 11.59 28.30
14 13.48 28.12 18.87 57.33 13.57 22.59 11.80 29.29
15 13.74 32.65 18.62 59.20 11.86 28.10 13.21 51.03
16 13.97 26.65 18.34 56.89 11.94 13.53 11.31 13.32
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Table 18
Fit of linguistic and spatial problem solving models to individual 
subjects' solution times.
Trinidadian
Men
Trinidadian
Women
British
Men
British
Women
Subject 1 .147 .344* .188 .081
2 .066 .387* .250= .179
3 .179 .463* .147 .119
4 .082 .306= .340* .212
5 .134 .442* .275= .250=
6 .196 .401* .198 .270=
7 .093 .529* .229 .293=
8 .158 .525* .309= .316=
9 .169 .387* .225 .392*
10 .066 .481* .117 .254=
11 .184 .175 .366* .408*
12 .126 .314= .217 .256=
13 .047 .501* .264= .248
14 .158 .462* .327= .211
15 .110 .398* .352* .361*
16 .044 .456* .397* .153
* Significant at 1% level 
= Significant at 5% level
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Table 2$
Three term series problem types ; Values of Independent Variables
Multiplying Parameters (Sternberg 1980b)
Item^  p . Ques­ Common Mixed Linguistic* Spatial
Mo, tion EL'JC+ MARK NEC psrj RS NOON* PSL PSS ISERN
1 , A > B B >0 > 1 0 0 0 1 0 1 1 1 0
2 1 A >B B> 0 < 1 1 0 0 0 1 1 0
5 B > C A > B > 1 0 0 0 0 0 0 1 1
4 B > C  A > B < 1 1 0 0 1 1 0 1 1
5 0 <B B<A > 1 2 0 0 0 1 1 1 1
6 C <B B <A < 1 5 0 0 1 0 1 1 1
7 B< A C<B > 1 2 0 0 1 1 0 1 0
8 B <A  0<B < 1 5 0 0 0 0 0 1 0
9 A > B 0 < B > 1 1 0 0 1 0 0 0 0
10 A >B G<B < 1 2 0 0 0 0 0 0 0
11 C < B  A > B > 1 1 0 0- 0 0 0 0 1
12 C <B A > B < 1 2 0 0 1 0 0 0 1
15 B < A  B > C > 1 1 0 0 1 1 0 2 0
14 B < A  B>C < 1 2 0 0 0 1 0 2 0
15 B >0 B<A > 1 1 0 0 0 1 0 2 1
16 B >0 B<A < 1 2 0 0 1 1 0 2 1
17 A«fB B4C > 1 2 2 0 1 1 0 1 0
18 A 4 B  B4C < 1 • 5 2 0 0 0 0 1 0
19 B 4 C A 4 B > 1 2 2 1 0 1 . 1 1 1
20 B 4C  A 4 B < 1 5 2 1 1 0 1 1 1
21 C:^BB:|>A > 1 0 2 0 0 0 0 1 1
22 C ::|=-B B A < 1 1 . 2 0 1 1 0 1 1
25 B 4.A C:|^ B > 1 0 2 1 1 0 1 1 0
24 BiAO:^B < 1 1 2 1 0 1 1 1 0
25 A 4 B C:^B > 1 1 2 1 1 1 0 2 0
26 A 4 B C::^ B < 1 2 2 1 0 1 0 2 0
27 0 j,B A ^ B > 1 1 2 1 0 1 0 2 1
28 Cj»B A^ : B < 1 2 2 1 1 1 0 2 1 '
29 BzjxA B^C > 1 1 2 0 1 0 0 0 0
50 < 1 2 2 0 0 0 0 0 0
51 B4-C B ^ A > 1 1 2 0 0 0 0 0 1
52 B 4 C  B jA < 1 2 2 0 1 0 0 0 1
Note All items were uncued, Enc+ = encoding plus; MARK = marking; 
NEG = negation; PSM = pivot search (mixed); RS = response search; 
NOON = noncongruence; PSL = pivot search (linguistic); PSS = pivot 
search (spatial); SERN = sériation in nonpreferred direction,
* Optional in mixed model.
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Figure 39 i 'Learning Curves' of mean solution lines of successive 
______  ■__________groups of data________________ ,
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Figure 39 ii 
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Figure 39 iii
British Men
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Figure 39 iv 
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SUPPLEMENTARY IjlXPERIMliINT 
Aim of the Experiment
The experiment is designed to compare the solution times of 
subjects solving three term solution problems under the following 
two instructional conditions,
i when accuracy and speed are both stressed.
ii when accuracy is stressed over speed.
Previous researches, which have instructed subjects to speed and 
accuracy, have observed that subjects found that problems are easier 
to solve when the comparative terms are unmarked rather than 
marked adjectives, when the first items of the premises are end 
terms rather than the middle term, and when both premises are in a 
positive father than a negative form.
The Subjects
The subjects were two groups of 12 British mature student teachers, 
randomly selected and randomly assigned to the groups. Group 1 
consisted of 9 men and 3 women, and group 2 consisted of 7 men and 
5 women who had not previously, taken part in this type of experiment. 
Since the analysis of the responses was based on individual subject 
data rather than group means and variance, it was considered 
acceptable that an experimental sample of this size be observed.
The Problems
Thirty two three term series problems were presented to each subject. 
The eight determinate structures of the problems were presented in 
negative and positive equative form, each being presented with the 
comparative term in the question congruent and noncongruent with that 
in the first premise of the problem. The problem items were randomly
105.
selected, one syllable men's names. The height dimension was used in 
the comparative term. The photographed problems were presented to 
the subjects as in the previous experiment.
Procedure
The problems were visually presented on a screen, over one session. 
Groupr1 subjects were instructed to solve the problems accurately 
and as quickly as possible; those in group 2 were instructed to 
ensure accuracy at the cost of speed.
The problems were presented initially in a random order to the first 
subject in each group, and for the next seven subjects the problems 
were systematically rotated in blocks of ei^t. Consequently, for 
the first eight subjects in each group all the problems would be 
twice presented in successive groupings of ei^t. This rotation, 
similar to that used in the first experiment, enables the 
construction of a ' learning curve' so that any learning effect of 
successive problem solution may be observed. The remaining four 
subjects in each group were given a presentation of the problems 
selected at random from the first eight. The rotation of the problems 
was carried out for the first eight subjects only, in each group, 
because it was necessary to balance the number of subjects involved 
with the number of problem groupings. Consequently, the resulting 
graph (graph 40) is restricted to four data points for each group.
Statement of Results
The results are summarised in tables 26 to $1 and graph 40-
Tables 26 and 27 give the solution time data of each subject on 
each problem, (table 25 gives the problem structures). An inspection
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of these tables indicate differences in the mean and variance of the 
individual data between the two groups. Group 1, instructed to 
speed and accuracy have smaller means and variance of solution times 
than those observed in group 2, instucted to emphasis accuracy over 
speed. The range of individual mean solution times in group 1 is 
3,17 to 3.39 seconds. In group 2 the range is from 9.46 to 12.90 
seconds. Individual variance in solution times range from .68 to 
2.89 in group 1 and from 15.33 to 34*63 in group 2. The difference 
in performnce between the two groups is significant at the 1% 
level ('t* test). The degree of difference in the subjects' 
responses on the problem solving task in the two groups indicate 
marked differences in problem solving behaviour.
Although the overall number of errors in solving the problems was . 
extremely small ( 19 out of 768 solutions), only two errors were 
made by subjects in group 2.
Table 28 shows the fit of individual data in group 1 to the 
combined linguistic and spatial problem solving model and table 29 
gives the fit of individual data of group 2 subjects to the same 
model. Overall, group 1 subject data provides a much better fit 
to the model than that of group 2, althou^ it should be noted that 
there are some individual variations; some subjects in group 2 
have as good or better fit of response times to the model as 
some subjects in group 1.
Because there is a zero correlation between the independent variables 
one may examine the percentage of variation contributed by each variable. 
Group 1 subjects have a much more even distribution of variation of
107.
response times due to the three variables than group 2 subjects 
whose variation in response seems to be largely due to the 
(iif*f*erence in responses to positive and negative problems rather 
than to the other two variables of marked adjectives and end anchoring. 
Group 1 subject data seem to indicate a 'truer' fit in terms of the 
spread of the percentage of variation in response over the 
independent variables involved in the model, as well as offering 
a better fit of the data to the problem solving model. In this 
respect the responses of subjects in group 2 is more related 
to t'he subjects in experiment one than group 1 subjects within the 
present experiment.
When group 1 data is compared for goodness of fit to Sternberg's 
differential models (table 30), there is much individual variation 
observed and no observed group preference for one model over 
another. A similar observation was made on the inspection of 
the fit of group 2 data to the mixed, linguistic and spatial 
models #
Although far from satisfactory in the terms of the number of data 
points available'a compararive consideration of the 'learning 
curves' ■'extracted from the data of the first eight subjects in 
each group suggests that group 1 subjects may be moving towards 
ch&iges in their problem solving responses in a regular sequence, 
whilst group 2 subjects, like subjects in the first experiment, 
show little indication of the presence of a learning trend.
Summary
The problem solving responses of the two groups differ in the 
following respects; ,
i Group 1 subjects have significantly shorter mean response times
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than group 2 subjects,
ii Group 1 subjects have more recorded errors than group 2 subjects.
iii Group 1 subjects have a.better fit of individual data to the 
problem solving model based on the common predictions of the 
spatial and linguistic models than group 2 subjects.
iv Group 1 subjects have a * truer* fit of response data to the 
problem solving model than group 2 subjects since the 
percentage of variance in their solution times is distributed 
more evenly across the independent variables.
V There are indications that group 1 subjects are showing a learning 
effect over successive presentations of the problems which may be 
indicative of changes in problem solving strategies taking 
place in a sequential way. Group 2 subject data does not 
indicate such an effect.
Both groups of subjects show a marked degree of individual 
variation in the best fit of data to Sternberg* s models. Overall 
the performance of group two subjects is nearer to that of the 
subjects in experiment one rather than that of the subjects in 
group 1 of the present experiment.
Table 25
The Structure of the Problems
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Premises Question Premises Question
1. A <  BB ^  C < 17. B 4  AC ^»B <
! 2. B >  AB >  B 18. A BC 4, B <
3. B 4  AB  ^C > 19. B ^  AC >  B >
4. A >  BC 4  B < 20. B ^  AB 4  A <
; 5. B >  AB <  B > 21 B 4  AC 4  B >
6. A ^  BB ^  C > 22. B AB 4^C >
7. B >  AB <  C < 23. A ^  BC 4  B >
8. A 4  BB <  C > 24. B <  AB ^  C <
9. A >  BB >  C < 25. A >  BB >  C >
10. B ^A B "^ C < 26. A 4  BB < C <
11. A ^  BC 4; B > 27. A <  BC >  B >
12. A 4  BC ^  B < 28. A <  BC >  B <
13. A ;J> BB ;J> C < 29. B <  AC 4  B >
14. A BB ■J?' C > 30. B ^  A C ^ B >
15. B <  AC <  B < 31. A 4  BC ^ B >
16. B <  AB ^  C
.
> 32. B ^  AC ^ B <
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Table ^9 113.
Fit of combined linguisitc and spatial problem solving model tn
over speed) (R^)
•
Subject r 2 Marked Adjective End Anchor Negative
1 .19 .05 .05 .09
2 .32 .01 0 .32
3 .36 0 .04 .32
h .20 .05 .02 .13
5 .40 0 .07 .33
6 M .01 .02 .43
7 .20 ' .02 .02 .16
8 .35 .01 .01 •33
9 '.15 0 .09
.06
10 .32 .01 .02 .29
11 .31 0 0 .31
12 .26 .01 0 .25
114,
ible 30
Comparison of individual solution time data fitted to mixed, linguistic 
and spatial problem solving models (group 1 - speed and accuracy stressed^
Subject Mixed Linguistic Spatial
1 •?1J .648 .659
p .036 .056 .149
3 .457 .406 .397
4 .398 .402 .395
5 .290 .433 .436
6 .245 .339 .'Al
7 ,. , .340 .356 .414
8 .321 .367 .357
9 .525 .643 .64?
10 .904 .614 ' .632
. .429
.386 -361
12 .094 .356 .261
1
underlined numbers indicate best fit
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Table 31
Comparison of individual solution time data fitted to mixed, 
linguistic and spatial problem solving models (group 2 - 
(accuracy stressed over sneed)
Subject Mixed Linguistic Spatial
1 .221 .186 .136
2 .399 .036 .361
3 .367 .421 .441
4 .223 .244
5 .430 .384 -422
6 ' ' .432 .453 .469
7 .300 .263 .203
Q .327 .413 •332
9 .452 .324 • 334
10 .181 .238 •343
11 .328 .378 .329
12 :293 .233 i?93
underlined numbers indicate best fit
Figure 40■
Mean solution times of successive ^ata groups
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1, Instructions to speed 
and accuracy
3.20
432
2. Instructions to 
accuracy
11.?0
11.60
11.00
lO.BCL 
group 1
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Discussion of Results
Latencies
The response times obtained in the present experiment are considerably 
longer than those found in other researches. Even thou^ direct 
comparisons present difficulties because of variations in instructions 
to subjects and experimental design, there are some indications of 
the size of the differences between the present latencies and that 
of other researches.
Some researchers (De Soto, I965) have used percentage errors rather 
than latencies, but of those who have measured latencies there is 
some variation, Huttenlocher, who uses both, records mean 
latencies on positive structures of three term series problems 
ranging from 135 - I6I centiseconds (Huttenlocher, 1968), Potts 
(1972, 1974) obtains a rather wider range on problems containing 
four terms and using a different form of question than that used by 
Huttenlocher, Clark (19&9 a» b) obtained a range of mean latencies 
on positive problems ranging from 4*8 to 6,5 seconds. These are 
longer latencies than those recorded by Huttenlocher but she used 
an unusual form of questioning; the relevant question was presented 
only after an initial question had established the understanding of 
the information contained in the first premise. The solution 
times were then measured from the presentation of the second question 
to the subject's response, Clark (op, cit,) records latencies 
of negative problem structures in the range of 5*5 to 7*2 seconds. 
These are similar to those observed by Sternberg (1978),
The mean latencies for the four subject groups in the present 
experiment range from 6,22 to 17*36 seconds on positive problem
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structures and 9*96 to 29.97 seconds on negative problem structures 
(table 2), The design of the present experiment is essentially 
different from that of previous experiments in that the instructions 
given to the subjects emphasise accuracy rather than speed and accuracy, 
the general atmosphere of the experiment sou^t after being 
'low key' and unstressful. This difference in instruction may indicate 
additional cognitive operations in the problem solving process 
to those operating in the solution of linear syllogisms under 
what may be the more stressful conditions of emphasising speed as 
well as accuracy.
An inspection of the mean and variance of latencies of individual 
subjects observed in the supplementary experiment which compares 
performance on speed stressed and unstressed conditions, also 
indicates longer latencies when accuracy is stressed over speed,
( tables 26 and 27).
Direct comparison of the latencies of subjects in the two 
experiments is complicated by the fact that group meanresponse 
times in the first experiment are being compared with individual 
mean response times in the supplementary experiment. Allowing 
for this, however, it is evident that group 2 mean latencies 
( supplementary experiment) are more related to those of subjects 
in the first experiment than those of group 1 in the supplementary 
experiment. More particularly, the group mean of group 2 subjects 
most closely resembles that of the British women in the first 
experiment than those of the other subject groups. This tendency 
to i a smaller mean group latency may be associated with the fact 
that subjects in the supplementary experiment were given fewer
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problems to solve (32 as opposed to 64)' than subjects in the first 
experiment and consequently they may have become less fatigued or bored 
than first experiment subjects. If this were the case then one 
would have to speculate that jîritish women subjects became less 
fatigued and bored than the other subjects in experiment one, 
especially the Trinidadian women.
Taking into account, however, the variation in the group mean response 
times of the subjects in both experiments who were instructed to 
stress speed over accuracy, all these subjects have significantly 
longer reaction times than those who were instructed to speed 
and accuracy in the manner of the other research on term series 
problems.
problem Structures
There is, however, a major complication in the interpretation of 
any additional cognitive operations since there is no indication of 
consistently significant differences between the various problem 
structures (tables 6b, ?b and 8b), Furthermore, where significant 
differences between levels of structure occur, these are not the 
same in the four subject groups. In other words, there is a more 
fundamental difference between the findings of the present experiment 
and those of previous researches, other than longer response latencies; 
the present experiment has been unable to establish a ' hierarchy of 
difficulty' in the solution of the eight problem structures of 
determinate three term series problems, A similar result occurs 
if the anaysis involves the structures of negative problems, the 
structures of positive problems or the total sample of negative and 
positive problems. The only remnant of similarity to the order 
of difficulty in solving the different problem structures in previous 
researches is that, ignoring Hie lack of established significant 
differences, if one inspects the order of solution times from
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shortest to longest across the four subject groups, for all problem 
structures, negative problem structures and positive problem 
structures (table 2), one observes a tendency for the problems 
with the first premise beginning with an 'end term' to have shorter 
solution times than those beginning with the 'middle term'.
The analysis of the data involving the nationality, sex and problem 
variables was carried out using both parametric and non-parametrio 
techniques, viz, the analysis of variance (Lewis, I968) and Friedman's 
2 way analysis of variance (Siegel, I956), In previous researches 
comparing solution time performances for the various determinate 
structures of linear sequencing problems, there has been a predominant 
use of non parametric statistical tests, typically the Wilcoxon 
matched-padrd", • signed rank test (Siegel, 1956) used for two sample 
cases of related data and the Friedman two way analysis of variance, 
used when there are more than two samples of related data. The 
use of these non-parametrie analyses is appropriate particularly 
because of the ordinal measures and related data and in most researches 
(Clark, op, cit.; Huttenlocher, op, cit.) highly significant 
differences, usually around the 1% level, have been observed between 
subject' 8 performance on the various structures of the problems.
In the present experiment the initial analysis of the data was by 
the parametric analysis of variance, since the interval measurement 
of the data was appropriate for this test. The significant second 
order interaction and further inspection of the mean solution times, 
using the Scheffe test for multiple comparisons, indicated that 
there was no 'hierarchy of difficulty' with significant differences 
between the means of solution times of the problem structures (tables 
6a, 7a, 8a and 10) similar to those obtained in previous researches.
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The Friedman two way analysis of variance was then used to compare 
the performance of the four subject groups on the eight problem 
structures, the eight negative problem structures and the ei^it 
positive problem structures, in all, twelve calculations. The 
results on this analysis was similar to that obtained on the 
parametric analysis, apart from the result relating to the British 
men's performance on the positive problem structure (table 9) which 
indicated that the probability was less than .05 that there was no 
difference in the subjects' performances on the ei^t problem 
structures.
It is impossible, from existing evidence, to say which of these
tests is the most powerful. However, looking at the results of
Friedman's'report (1957, reported in Siegel, 1956) on the results
of fifty six independent analyses of data which were considered
suitable for analysis by both tests, four analyses on the Friedman 
2test yielded^xT s with a probability between .05 and .01 and on the 
analysis of variance yielded Fs with a probability of greater than 
,05. Moreover, the administration of the Friedman test on twelve 
occasions may give rise to a chance significant result.
If one looks at the underlying rationale of the Friedman test, one 
sees that it is assumed that if a number of subjects, performing 
under a number of different conditions, yield the same or similar 
orderings of difficulty across the conditions, then there is a 
significant difference between their performance under the different 
conditions. It is conceivable, however, that there are situations 
in which, in spite of similar performance under different conditions, 
the interval measurement of performance is so similar that there 
is no significant difference shown when a parametric test is used.
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On balance, it was decided that the parametric analysis result 
was more acceptable for the four subject groups. It is an 
interesting speculation as to the course of events in this study, 
if the subject variables of nationality and sex had not been 
observed, together with the use of the more usual non parametric 
analysis of the data, since the subject group in such an event 
would have consisted of a sample of British, predominantly male, 
participants.
There is not enough evidence, however, to account for the different 
performance on problem structures of subjects in the present 
experiment to that presented by subjects in previous research by 
the possible inappropriateness of some techniques of statistical 
analysis.  ^ ^ e h  when there are significant differences between 
mean scores on the structures, there is no indication that they are 
similar to those previously observed, so one must examine again the 
implications of the experimental situation where one is observing 
the behaviour of subjects when instructed to .stress accuracy 
over speed.
The information processing literature refers to condition action 
units as an essential concept in the construction of models of 
cognitive processes. Condition-action units consist of an action 
together with a condition specifying when the action should be taken 
(Newell, 1975; McDermott, 1978). These models of human cognitive 
behaviour suggest that individuals have an immense number of these 
condition-action units stored in memory so that whenever a situation 
occurs which satisfies one of the conditions stored, the related 
actions will take place. If this is the case, it points to the 
importance of not just specifying actions or cognitive operations 
but also the conditions which give rise to them. In this way, the
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s p e c ific , d e ta ile d  context o f problem s itu a tio n s  may w e ll in fluence  
the mode selected to reach the so lu tion . In  th is  experiment the 
in s tru c tio n  to achieve accuracy a t the expense o f speed could be 
associated w ith  d if fe re n t  response actions to  those invoked by 
in s tru ctio n s  o f speed and accuracy, re s u ltin g  in  a t o ta l ly  d if fe re n t  
response p a tte rn , not only in  producing longer la tenc ies  but a lack  
o f d if fe re n t ia t io n  from one problem structure  to another. The 
condition o f being presented w ith  a problem o f tra n s it iv e  ordering may 
be too 'unrefined ' to produce the same action in  a l l  conditions; 
the f in e r  conditions o f the s itu a tio n , such as the nature o f the 
in s tru c tio n  given, may give r is e  to d if fe r in g  action sequences.
A possible explanation o f the d ifferences in  performance could be th a t  
subjects in  an 'accuracy emphasised' s itu a tio n  make use o f a 'checking 
operation ' in  problem solving in  a random fashion ra th e r than in  
re la tio n  to the complexity o f the structure  o f the problem. I t  
is  possible th a t the concentration involved in  e ffe c tin g  complete 
accuracy could introduce a ' fa t ig u e ' fac to r which e ith e r  the  
subjects seek to a lle v ia te  by period ic  ra th er than systematic  
checking or use period ic  checking as a re sp ite  from continuous 
problem solving under such conditions. I f  th is  were so, there  
would be important im p lications fo r the study o f problem solving  
behaviour since much research uses 'co g n itive  s tress ' conditions, 
in  the sense th a t subjects tend to  be asked to operate to  th e ir  
l im i t  in  several respects, usually  o f speed and accuracy, in  which 
to make observations o f behaviour.
Experimenter effect is a factor which cannot be overlooked in a 
search for the explanation of the observed results of the first
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experiment. Since the find ings are so d if fe re n t  from those 
recorded in  other researches, i t  has been suggested th a t the 
d ifferences are due to conditions in  which accuracy is  stressed over 
speed. I t  is  conceivable, however, th a t these e ffe c ts  are due 
to  some undetected aspect o f the experim enter's behaviour. The 
supplementary experiment has been included in  which the performance 
o f subjects instru cted  to  speed and accuracy in  the manner ind icated  
in  other researches is  compared w ith  th a t o f subjects instructed  to  
stress accuracy over speed. A comparison o f performance under these 
two conditions in d ica te  th a t in s tru c tio n  is  e ffe c tin g  response beh­
av iour. VThèn in s tru c ted  to  speed and accuracy subjects produce 
responses th a t have s ig n ific a n t goodness o f f i t  to  the described prob­
lem solving models (Table 2 8 ). When subjects are instru cted  to  
stress speed over accuracy there is  a poorer f i t  o f the data in  most 
cases to  the problem solving model (Table 29 ).
Negative Problems
Research on lin e a r  orderings which have considered negative and 
p o s itiv e  problems have found th a t negative problems are more d i f f ic u l t ;  
th a t is ,  take longer to  solve than p o s itiv e  problems (Huttenldcker 
e t a l ,  1970; C lark , 1969a, b ) .
The negative problems which are considered are negative equatives 
containing premises o f the type 'A is  not t a l l e r  than B ', 'B is  not 
t a l l e r  than C . The negative problems have to  be e ith e r transposed 
or converted in to  a p o s itiv e  version before the various so lution  
processes used in  the so lu tion  o f p o s itiv e  problems begin. There
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is  some discussion as to  the nature of the transposition  o f neg­
a tiv e  in to  p o s itiv e  premises; 'A' is  not t a l l e r  than B' and 'B 
is  not t a l l e r  than C ,  could become 'A is  sm aller than B' and 'B 
is  sm aller than C , or 'B is  t a l le r  than A' and 'C is  t a l l e r  than B '. 
There is  no conclusive evidence as to  which o f these measures, are 
used although i t  seems more l ik e ly  th a t the la t t e r  is  used w ith  un­
marked comparatives (Jones, o p .c i t . )  and th a t the method used may 
be re la te d  to  the form of the question (Huttenlocher, e t a l  1968).
The present e3q>eriment shows longer latencies fo r the so lution  of 
negative problems than p o s itiv e  problems w ith in  a l l  subject groups, 
although the Trin idad ian  women were so much slower than the other 
groups th a t th e ir  scores on the p o s itiv e  problems had s im ila r  
la ten c ies  to  those o f other groups on the negative problems (Tables 
3a and 3b, figures 26 and 2 7 ). The lack of s ig n ific a n t d ifference  
between the means o f many o f the negative problem s tructu res , however, 
prevented a comparison w ith  subjects' performance on the various  
negative problem structures w ith in  the other researches.
Congruence o f question w ith  the inform ation w ith in  the f i r s t  premise 
Both C lark (1969a, b) and Hunter (op.c i t . )  have discussed the 
re la tio n s h ip  between the form of the premises and the form o f the 
question. Hunter gains an impression th a t:
" -  -  the term which is  contained only in  th a t premise which 
has to  be reorganised is  iso la te d  on the ground th a t i t  should 
come a t  one end or other o f the e n tire  s e r ie s ."
Consequently, when the question asked coincides w ith  the in fo r ­
mation given about th is  term i t  is  eas ier to answer than would 
otherwise be the case. For example, in  the premises 'B is  shorter 
than a" , 'C is  shorter than B ', i t  is  easier to  answer the question
126.
'who is  the shortest' than 'who is  the t a l l e s t ' .
C la rk 's  p rin c ip le  o f congruence re la te s  to  the importance o f the  
form o f the question. He says th a t the subject searches fo r  
inform ation th a t is  congruent w ith the form of the question. I f  
th is  is  a v a ila b le , the problem is  eas ier to solve than when i t  is  
necessary to  convert the question to  make i t  congruent w ith th: 
source inform ation in  the premises.
In  the present experiment, the hypothesis th a t congruence between 
the inform ation given in  the f i r s t  premise and the question allows 
problems to ,b e  more e a s ily  solved than w ith the opposite conditions, 
is  s im ila r  but not id e n tic a l to  the pred ictions based on C la rk 's  
theory, which does not emphasise the f i r s t  premise.
There were, however, group d ifferences in  performance in  the present 
experiment. The Trin idadian subjects show no s ig n ific a n t  
d iffe ren ce  on problems th a t have questions th a t are congruent and 
those which have questions not congruent w ith the inform ation given 
in  the f i r s t  premise. The B r it is h  subjects, however, performed 
s ig n if ic a n t ly  (p < .01) b e tte r  on the problems w ith  congruence 
between the question and the f i r s t  premise. No s ig n ific a n t  
d iffe ren c e  was recorded in  the performance o f male subjects but the 
female subjects showed a s ig n if ic a n tly  (p < .0 1 )b e tte r  performance 
on problems th a t have a congruence between the question and the  
inform ation in  the f i r s t  premises (Tables 4a, 4b, figu res  28, 29 
and 3 0 ).
These group d ifferences may be re levan t to the discussion o f the  
extent o f d if fe re n t ia t io n  w ith in  the con d itio n -action  un its  on th is
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type o f problem. The subject factors o f cu ltu re  and sex may 
be associated w ith an in d iv id u a l's  perception o f the conditions  
p erta in in g  w ith in  the problem s itu a tio n . In  other'words, the 
concept o f condition—action u n it may have to be more d iffe re n tia te d  
to include not only v a r ie t ie s  o f in s tru c tio n  and the 'c lim a te ' o f 
the problem s itu a tio n  but the preconceived tendency to perceive the 
conditions contained w ith in  a s itu a tio n  in  a p a r t ic u la r  way
subject brings to the experiment. The assumption in
,° th e r  researches has been th a t the condition g iv ing  r is e  to the 
processes o f solving three term series problems has been th a t o f 
id e n tify in g  the condition o f a problem o f t ra n s it iv e  o rdering; 
i t  may be th a t tra n s it iv e  ordering in  d if fe r in g  conditions o f 
speed con stra in t present qu ite  d is t in c tiv e  conditions to the 
Problem—solver and th a t ce rta in  subject c h a ra c te ris tics  may determine 
how conditions are perceived.
Dimensions o f the Problem
Problems containing comparatives o f both height and weight problems 
were included in  the experiment to te s t  a degree o f g e n e ra lity  
in  the fin d in g s . There were group d ifferences in  the re s u lts ;  
the B r it is h  group showed no s ig n ific a n t d iffe rence  in  i t s  performance 
on height and weight dimension problems, although the Trin idad ian  
group was s ig n ific a n tly  quicker (p ^  .05) on the height dimension 
problems. The women showed no s ig n ific a n t d iffe ren ce  in  th e ir  
solu tion  times but the men were s ig n if ic a n tly  quicker on height 
problems (p <  .05) (Tables 5a and 5b, figu res 31, 32 and 33) .
Where d ifferences do occur between problems o f d if fe r in g  dimensions, 
i t  is  problems containing the height dimension th a t are eas ie r to
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solve than the weight dimension and the difference is only 
significant at the 5^ level. It may be that within certain 
groups, subjects find the height dimension easier to represent 
than the weight dimension,
The height dimension has tended to have a more stable spatial 
placement on an axis than the weight dimension (De Soto op. cit.).
It is also interesting to note that subject groups who did not 
find problems with the same comparative in the first premise and 
the question easier (Trinidadians and males) were those who 
found problems with the height dimension easier than those with the 
weight dimension as the comparative term. It is difficult to 
offer a possible explanation of this result since there is no 
apparent relationship between this division and the adoption of 
any identified strategy, althou^ it could conceivably be argued that 
subjectswho are uneffected by the congruence oof the comparative 
term in the question and the first premise may be constructing and 
storing the array of elements before considering the question and 
are therefore aided by the stable axis of the height dimension. In 
other words such subjects may be adopting a less sophisticated 
technique than other groups of subjects. If this is the case, 
however, then shorter reaction times are not necessarily an indication 
of a more sophisticated problem solving technique since the female 
subjects who would then fall into this category have, as a group, 
longer solution times than the male subjects ( althou^ this is 
mainly due to the solution times of Trinidadian women). This 
seems feasible, however, in terms of the impression the experimenter 
gained from the behaviour of some female subjects, the Trinidadian 
group, who althou^ as accurate as other groups displayed excessive
129.
overt anxiety. This anxiety, however, may only have effected 
the speed of performance rather than the nature of the processes 
involved. This will be discussed further in relation to individual data. 
Comparison of leng'th of latencies within the four subject groups 
Trinidadian women were significantly slower (p ^  ,01) but not less 
accurate than the other groups when the problems were grouped into 
negative and positive problems, height and weight dimension problems 
and those with questions congruent or not congruent with the 
information in the first premise. The British women were significantly 
quicker in problem solution (p ^  .01) than the other groups except 
on negative problems when their performance was similar to that 
of British and Trinidadian men.
A subjective impression of the Trinidadian subjects, particularly 
Trinidadian women, was that in spite of reassurances, they were 
more overtly anxious than the British subjects. This unease may 
well have lead the Trinidadian women to use an excessixe number of 
checking operations in their problem solving processes. Of the British 
subjects, the women were extremely alert to the accuracy of their 
performance but, at the same time, seemed more relaxed in the 
experimental situation. The highly significant differences between 
the latencies of British and Trinidadian women seem to indicate a 
cultural influence on the performance of women subjects.
Bata obtained from problems presented in the first half of the 
experiment
It was decided to carry out an analysis of this data for the 
following reasons;
1. Even thou^ the data was collected in a relaxed, low-stress 
aiznosphere over a couple of sessions, the longer latencies 
and inconsistent results could possibly be associated with
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a 'fatigue' factor brou^t on by the similarity and monotony 
of the problems; an examination of early presented problems 
mi^t overcome this difficulty and present similar results 
to those of other researches.
2. *The solution times used in the analysis of the total data were, 
in fact, the average solution times of each subject for problems 
associated with a particular variable such as a specified 
structure or a negative/positive problem. Other researches 
have tended to select the responses of subjects to two problems 
matched in all respects save that of the variable under 
observation. This is the technique used in the analysis of 
the early presented problems. However, when there are more 
than one pair of matched problems available, to overcome the 
possibility that the showing of significant differences between 
solution times could be attributed to their chance selection, 
all four pairs of matched problems which were early presented 
to the subjects were included in four separate analysis of 
variance: this applies in the comparison of all problem 
variables, apart from structure, i.e. negative and positive 
problems, problems with weight or height dimensions and problems 
with congruent or non congruent comparative terms in the first 
premise and the question.
The results of the analysis of the solution times of early presented 
problems are summarised in tables 11 to 15 and figures $4 to 33.
As in the analysis of the total data, there are no main effects 
differences across nationality, sex and problem variables; all the 
analyses indicated first or second order interactions between variables. 
Interestingly, when observing the compaurisons between the four
131,
separate matched pairs  o f n eg a tive /p o s itiv e  problems, w eight/height 
problem dimensions and problems w ith the f i r s t  premise comparative 
term congruent/non-congruent w ith th a t in  the question, there was 
v a ria tio n  in  the resu lts  o f the four analyses (of Tables 13 to 15) ,  
in d ic a tin g  th a t the resu lts  can be re la te d  to the two problems 
selected fo r  comparison.
The range o f latencies found in  the ea rly  presented problems is  . 
ra th er wider than th a t found in  the to ta l  data. This is  not an 
in d ic a tio n , however, th a t the subjects were slower in  solving these 
problems since ' i t  must be remembered th a t the analysis o f the to ta l  
data used the average reaction  times o f problems w ith a p a r t ic u la r  
v a r ia b le .
Consideration o f learning e f fe c t  across problems
The absence of consistent d ifferences observed in  la tencies  re la te d  
to  problem structure in  the f i r s t  experiment, together w ith  subject 
group d ifferences in  performance associated w ith  problem character­
is t ic s  such as n eg ative /p o s itive  equative premises, the congruence/ 
non-congruence o f comparative terms in  question and f i r s t  premise, 
lead one to  consider the p o s s ib il ity  th a t a v a r ie ty  o f s tra teg ies  
were employed a t  progressive stages during the presentation  of 
the problems.
However, the lack o f learn ing  e ffe c ts  in  the mean la tenc ies  fo r  
succeeding presentations o f the problems (Table 16, Figure 39) 
could in d ic a te  th a t subjects are ' try in g  out' d if fe re n t  approaches 
to  the problem, although th is  e f fe c t  could also be associated w ith  
cycles o f fa tig u e  involved in  s tr iv in g  a f te r  accuracy and g iv ing
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rise to unsystematic checking, or to lack of attention due to 
distraction in a fairly boring experimental situation. However, 
if subjects are changing strategy it would seem that they are 
trying out different strategies rather than systematically 
moving from one strategy to another, more economical, one, in which 
case one would expect a fairly regular learning curve rather than the 
®t^^bic responses observed in the analysis of the first experiment.
A similar effect, although with far fewer data points, seems to be 
indicated within Group 2 subjects in the supplementary experiment 
(Figure 40) who were instructed to emphasise accuracy over speed.
This effect is not indicated, however, in Group 1 subjects within 
the supplementary experiment where it seems there is a possible 
learning effect.
Consideration of individual data
Since the results of the experiment are deviant from other findings, 
one must speculate about the performance of individual subjects.
Is there a consensus of performance on the various problem structures 
or would it be possible to select a group of subjects who present 
a similar performance to those presented by subjects in other research?
Trinidadian women's performance is nearer to those of subjects 
in other researches and their longer latencies may be, to a greater 
extent than for the other groups, accounted for by a repetition of 
strategies described in other researches. The marked overt anxiety 
of tkis group could well be associated with a tendency to stick 
to a particular strategy adopted, to recheck their answers and
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not to explore different approaches. The Trinidadian men have an 
extremely poor fit of their data to the problem solving model 
based on previously described strategies which may indicate a 
greater willingness to try out different approaches. The British 
men and women are between these two groups in the fit of their 
solution time data to the model. It should be remembered, however, 
that all subjects have a high percentage of unexplained variation 
in their performance.
B^ready observed, a general impression was that the Trinidadian 
particularly the women, were more overtly anxious than 
the British subjects. Since all the subjects were equally accurate 
in their performance, one must consider the length of latencies 
in attempting to interpret the effect of observed anxiety on per­
formance. It is only the Trinidadian women who have longer 
latencies than the other subjects and yet their data offers the best 
fit to the described problem solving strategies. There is some 
suggestion in the literature (Lunneborg, 1964; Davidson, 1959) of 
differential sex performance related to anxiety levels, suggesting 
that in some circumstances it is the female performance that is the 
most effected. The men may have been able to control their anxiety 
to a greater extent than the women in the presence of a female ex­
perimenter who may be a less threatening figure than a male counter­
part in a West Indian context.
When the best fit of data to the mixed, linguistic and spatial models 
are examined (Table 24), there are group differences in preference. 
The British women seem to be following a linguistic model but there
134.
is no strong preference amongst Trinidadian women, although more 
favour a linguistic model. British men have best fits of data 
to the spatial model whilst, in the case of Trinidadian men, it is 
the mixed model that is preferred. There does not seem to be an 
association between a particular model fit and length of solution 
times (Table 24). This observation is confirmed by model w^efer- 
ences in the supplementary experiment (Tables 30 and 31). This 
iack of model preference in the supplementary experiment is seen 
across both groups of subjects, those instructed to speed and 
accuracy, and those instructed to accuracy, although Group 1 subjects 
have a better fit of data to the preferred model.
When individual data is fitted to models of problem solving it 
appears that there is no one preferred model, although in experiment 
one, there are indications that there are group differences related 
to sex/culture interaction; this lack of preference for one model 
is indicated irrespective of experimental instructions. When 
subjects are instructed to stress accuracy over speed, however, there 
is much more individuality of response in the proportion of deviation 
from any of the described models.
A major importance of the analysis of individual data is that it 
gives more detailed information of what is happening within the 
9^ oup and avoids the danger of 'rounding off individual differences 
which may be relevant to an account of mental processes. Comparison 
of group means and variance alone could lead one to generalise 
prematurely before a wide enough range of individual performance
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has been taken into account. Consequently, the analysis of 
small groups of individual data has been employed in this research.
A consideration of the educational background in relation to 
performance
The problem performance of subjects in Group 1 of the supplementary 
experiment, when instructed to speed and accuracy (Table 28), 
suggests that the educational background and experience of the 
mature subjects who were selected from the same population as the 
subjects in Group 2 and the British subjects in experiment one, is 
not directly associated with their deviant performance observed 
under instructions stressing accuracy over speed.
There were differences between the four experimental groups in 
experiment one that could be related to an interaction between sex 
and culture factors but all groups showed some measure of difference 
in size of problem latencies and fit of data to models to that 
found in other researches. All subjects were selected from a 
similarly organised and administered educational system with ex­
perience of the same curriculum and examination system. When, 
however, in the supplementary experiment group 1, consisting of 
a similar subject sample subjects are exposed to different exper­
imental conditions their performance shows no deviation from that 
observed in other researches.
The group difference in performance is likely to be related to 
culture/sex interaction which would merit further systematic
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investigation. A subjective impression is that whilst the 
organisation and administration of the two educational systems 
are similar, there are differences in the cultural context re­
lating to the degree of competitiveness in education and the 
interrelationship of sex roles within West Indian oulture-
A point of extreme importance, however, is that all these 
experimental groups produced responses differing in some degree 
in respect of latency length and model fit to the established 
models of problem solving.
The stress factor associated with the experimental instructions
The difference between the experimental instructions, when accuracy 
is stressed over speed and when both speed and accuracy are stressed, 
may be interpreted as different because of lower stress in the former 
situation than in the later situation in the sense that from an 
objective point of view the subject is asked in the latter case 
to accept two imposed demands, to function to the limits of his 
ability in terms of both speed and accuracy, whereas in the 
former situation one of these demands only is placed on him.
This definition of stress in terms of the demands that the en­
vironment places on the person rather than as a condition that 
feels stressful to the individual is used by Fitts and Posner 
(1979). The advantage of this definition is that is an indep­
endent variable that can be systematically varied and linked 
with variations in behaviour.
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Research has indicated that the prediction of performance in the 
light of. variation in the demands made on the individual is far
fron uncomplicated (Crook et al, 1950; Broadbent, 1963; Gofer and
Appleby, 1964) but what is being claimed in the present circum­
stances is that the performance has varied with variation in task 
demand. There is no claim being made about the subjective inter­
pretation of the situation. Indeed there is considerable evidence 
that performance does not always produce a linear relationship to 
experimental demand. In a later experiment in this study some 
subjects report no difference in their conscious approach to 
P^^oblem solving when instructed to stress accuracy over speed than 
if they had been instructed to speed and accuracy.
A tentative explanation of differences in responses in relation to 
variation in experimental demands on the subject is that when the 
subject is freed of the demand to work to his limit of speed he
feels freer to seek a more elegant and economic strategy so that a
greater proportion of his time cannot be accounted for in the same 
way as that of subjects who are working to a speed restriction.
Conclusions
The results of the first experiment indicate that, when instructions 
to the subjects emphasise accuracy over speed, a totally different 
performance on three term series problem structures is recorded to 
that in previous research, which places emphasis on speed and 
accuracy and, in some cases, places a time limit on the solution 
of problems. This experiment does not find a sustained, significant
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differentiation in performance across the problem structures.
There are no significant main effects differences in the perfor­
mance of the four subject groups. Where there are differences, 
they are related to interactions between subject variables and 
problem variables, some at first order, others at second order 
level.
The association between the instruction to emphasise accuracy 
over speed and the performance of subjects appears to be confirmed 
in the supplementary experiment when subjects under such an 
instruction produced responses which are similar to the subjects 
in the first experiment, whilst subjects under the usual instruction 
of speed and accuracy made responses similar to subjects in other 
researches.
The performance of subjects on succeeding groups of data does not 
indicate a learning effect. - This is taken as an indication that 
subjects may be trying out different strategies or are influenced 
by a 'fatigue' factor in achieving an accurate performance.
There appears to be an association between the culture variable 
and women's response times. Trinidadian women are significantly 
slower than other subjects in solving the problems but British 
women are significantly quicker on the positive problems than 
the other subject groups.
Similar results are observed when data obtained from the present­
ation of problems in the first half of the experiment were analysed.
An analysis of a sample of individual subject data indicates that, 
apart from performance on negative problems, there is not a
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significantly good fit to the main models of three term series 
problem solving. Analysis of individual data shows no overall 
preference for any problem solving model, irrespective of ex­
perimental instructions, although there are group differences 
in preference. Under instructions to stress accuracy o;er speed 
all subjects have longer latencies and poorer fit of data to the 
problem solving models than subjects who are instructed to speed 
and accuracy. A tentative explanation is that when subjects are
not constrained by speed they can try out various strategies a n d ..
eventually select the most economical one.
The analysis of individual data has given some indication of the 
variety of individual differences in performance within as well 
as between groups which one must try to account for when explaining 
problem solving behaviour under conditions where speed is not 
stressed. Individual analysis also reduces the need for large 
experimental samples until problem solving behaviour has been observed 
under a wide variety of conditions and general hypotheses testing can 
take place.
The main result of these first experiments is, therefore, that the 
generality and stability of the recorded problem solving models has 
been brought under question when the demands in the subjects' in­
structions are reduced from working from limits of speed and accuracy 
to working to the limits of accuracy alone.
Although there are interesting group differences in performance, 
apparently related to sex and cultural interactions, the main area 
of investigation to be pursued is the reason that subjects are
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deviating from the usual models of problem solving and what processes 
are taking place to account for deviation and longer reaction times 
when they are instructed to stress accuracy over speed.
The remainder of the study will consist of a series of experiments, 
examining small groups of individual data in an attempt :
1. To investigate the relationship between subjects' response 
times and the repetition of item ordering during problem 
solution;
2. To investigate the possibility that unsystematic checking of 
responses may be masking the usual problem solving responses 
in subjects' reaction times;
3. To investigate if there are any indications of systematic 
change in strategy throughout the course of problem present­
ation;
4. To investigate if subjects eventually and, if so, at what stage, 
present a good fit of individual data to an identifiable problem 
solving model.
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THE SECOND EXPERIMENT
Introduction
There arc; many indications in the problem solving literature that 
instructions do effect performance. Indeed, several attempts have 
been made to show increased success in problem solving by subjects who 
have icceived various kinds of pre-experimental help. For example, 
subjects have been given hints on how to solve a problem (Maier 
and Casselman, 1970; Burke, Maier and Hoffman, I966), taught to, 
search for information in an optimal way (Butts and Jones, I966;
Denny and Connors, 1974; Loupe, 1972; Piper, I97O; Scott, I972) and 
received different types of information about relevant problem solving 
strategies (Young, I968; Siegler and Liebert, 1975). Allwood and 
Montgomery (1977) instructed subjects in the detection of errors in 
statistical problem solving.
With the exception of the last mentioned research, these studies have
shown evidence of increased success in problem solving without trying
to indicate the change in mental operations which has brought about
the improved performance. Allwood and Montgomery (op, cit,),
although considering rather different problems than those in the
present research, reached an interesting general conclusion,
"It can be concluded that it is not enough to 
give subjects certain instructions and expect 
that they will do what the instructions tell 
them to do. Thus it seems that vdien setting 
up instructions for problem solvers, one 
should carefully consider what kinds of activities 
the instructions are likely to elicit and not 
just what the instructions tell the subject to 
perform. In general it appears that thé 
subjects in the present study had a tendency 
to perform activities which require a minimum 
of cognitive strain
p. 9:23
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It seems reasonable to assume that, when accuracy is emphasised over 
speed in a problem solving situation, subjects will take time to check 
their answers and longer latencies will be recorded. This is observed 
in the first experiment. However, it also seems reasonable to 
assume, that what are apparently more complex problem structures would 
need longer checking procedures than what seem to be simpler structures; 
thus, althou^ longer latencies would be observed, a similar relative 
order of difficulty to that found in other researches would be expected. 
In fact, there are only extremely general, statistically non-significant
indications of this,
' ' ' - ■
It is possible that in the rather monotonous experimental situation
subjects do seek to lower cognitive strain by adopting periodic rather
than systematic checking strategies. The strategy of minimal
cognitive strain depends, according to Bruner (I956), on the nature of
the problem solving task,
"A strategy that may be efficient and relatively 
without strain in one situation may prove beyond
one's capacity in another When we speak,
then, of a strategy as being a move in the 
direction of efficient or inefficient strain 
reduction, such a statement must be modified 
to refer to particular kinds of situation".
p.112
The three term series problem is relatively easy for adults to solve.
It requires a basic concept of transitive relations but does not come 
within Greene's (1973) definition of a 'past oriented' problem when 
the solver has to call on reserves of stored information. When the 
subject is asked to solve a series of transitivity problems it is 
likely to be boredom or lack of attention that would lead to errors. 
Since accuracy has been emphasised in the instructions, it may be 
possible that the subjects are applying only periodic checks on their
143.
solutions, based on time between checks or some other similar 
criterion, rather than that of the apparent complexity of the problem.
Beside the possible intermittency of checking operations, one must 
consider the possibility of different error detecting strategies.
One way of detecting errors is to repeat the problem solving routine 
but one could have a more 'intuitive* approach, by scannning the 
premises to see if a contradictory statement to the proposed solution 
could be found. The two checking operations could have different 
latencies so that any differences within the solution times of the 
various problem structures would not be apparent. If there were such 
differences.in error detection strategies individual subjects could 
opt for one or the other, but, on the other hand, they could use a 
combination of the two.
Another possibility that must be considered is that there are 
differences, both within and between individual subjects and problems, 
in the number of times a particular problem solution is checked for 
errors. An interesting idea is put forward by Koplowitz (1979) who 
talking about the search for errors in the solution of mathematical 
problems, suggests, "In order to be a good problem solver, one must 
be able to determine when a problem has indeed been solved ,,I
have come to believe that a major aspect of the difficulty for some 
students is that they do not have an appropriate sense of when they 
have solved a problem," Althou^ Koplowitz is concerned with 
subjects who are satisfied with and confident about erroneous solutions, 
it would also seem necessary that problem solvers should recognise the 
point at which they should cut short the checking operations when a 
correct solution has been achieved. The significant differences in 
the length of solution times between the various groups of subjects
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(Trinidadian women were slower than the other groups and British 
women were quicker than the other groups in the solution of positive 
problems) may be related to differences in the number of error checks 
y.rather than quicker or slower performances on the other problem 
solving procedures involved.
Finally, two other possibilities are that random varirlies intervene 
in the problem solving operations when there is no time limitation 
and that other problem solving strategies, at variance in their 
predicted performance with the models considered, have been used. 
Although it must be noted that researchers (Sternberg, 1980; Eysenck 
and Law, 1981) who have identified differing predictions for various 
models, based on the technique of componential analysis, have still 
identified major similarities across the models so that even if there 
were differing problem solving strategies in the first experiment, 
one would expect rather higher squared multiple correlation coefficient 
values than those observed.
It could be argued that the results of the initial experiment could 
be attributed to the non feasibility of an experimental situation 
where subjects are not instructed to work to limits of speed, giving 
rise to an array of 'interference' factors, which would account for 
the lack of consistent discrimination between problem structures 
and other problem variables. Indeed on a number of occasions it 
did become evident that some of the subjects in experiment one had 
'lost track' of their task and reported a 'block' in their thinking. 
These few (about two dozen out of 2,648) extraordinarily long 
solution times, lasting several minutes, were averaged out, i.e., 
all the other subjects' solution times for the particular problem 
were averaged out and this average solution time was substituted
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for the 'blocked' solution time.
The Experiment
The investigation of the points discussed form.the background to 
the second experiment,
A im T -y
To investigate, by a consideration of subject protocols, ordering 
operations of subjects with particular reference to:
i, any indications of differences in types of checking operations,
ii, the frequency with which checking appears to occur - are all 
problems checked for errors?
iii, the number of times a problem appears to be checked for errors.
Method
The method used in this experiment is to record the protocols of 
a small number of subjects who were instructed to think aloud 
their solutions to problems.
The analysis of the individual data of small groups of subjects, 
discussed in the previous section, is justified by the experimenter 
on the grounds that generality of findings appears, initially, to 
be more soundly established by the principle of replication of . 
experimental data rather than by that of probability, based on 
inferential statistics. There is scope in the careful study of 
individual data for basing generalisation on a more comprehensive 
account of the variability in responses related to the independent 
variables, than in the observation of group data where variability 
is inevitably summarised.
The role of large groups of experimental subjects would seem
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s t rongest in situations where the limits of generalisation, based
on the analysis of individual data, is being tested, and it is
in such situations that large representative samples of subjects
are more acceptable for the testing of hypotheses than ;
the small unrepresentative groups observed in some researches and which
are referred in the introduction to this study.
The use of subject protocols, already discussed in the introductory 
section of this study, is somewhat controversial in cognitive 
psychology, the main argument , being that the subject's experience 
may not coincide, with the mental operations he is actually 
employing. Evans'(op. cit.) strongly criticizes 'mentalism' which 
supports ' tlib supposition that subjective reports necessarily 
reveal 'underlying processes' which are functional in behaviour.' 
However, in this research the experimenter is not trying to 
establish that what is reported by the subject plays an important 
role in psychological processes. Indeed it would seem highly 
inappropiate to the writer to use protocols in the investigation 
of the nature of mental representation such as in the imagery/ 
linguistic representation controversy, or to try to establish precise 
characteristics of mental processes involved in problem solving 
such as the mode of storage, separate or unified, of problem items.
What is being observed in this experiment, however, is the ' ordering 
behaviour'of subjects and the functional relationship between the 
independent (i.e. problem structure) and dependent (i.e. ordering 
behaviour) varibles. Even Evans would seemingly approve of this 
usage of subject protocols; he says ' the problems arise when we 
stop regarding the reports as one of the dependent variables# 
along with errors and response times and start regarding them as
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descriptions of underlying processes,* The experimenter, however, 
has no plans to take licence beyond this point. Newell and 
Simon (op. cit.) in this context made much use of subject protocols 
rnd comment, * Thus the analysis of verbal protocols is a typical 
technique for verifying the theory, and in fact has become a sort 
of hallmark of the infomation processing approach, '
What the subjects are asked to do in this experiment is to think aloud 
their solution rather than to consciously analyse their problem 
solving processes. One must therefore speculate on the effect of the 
thinking aloud'instruction on the problem solving process; will 
subjects use similar strategies to those used in the first 
experiment when thinking aloud instructions were not given, or 
will the present instructions cause them to use an alternative 
approach. To some extent this question can be answered by comparing 
the pattern of subject responses under the two different 
circumstances and there have been certain experimental findings 
indicating that instructions to subjects to think aloud during 
problem solving does not modify ' the directions of search for problem 
solvers* (Newell and Simon, op. cit.; Dan sereau and Gregg, I966).
The Subjects
The subjects were 8 mature British student teachers, 6 men and' 2 
women, who had not previously taken part in this type of experiment. 
All the subjects were already acquainted with the experimenter and the 
experimental location. This was considered desirable in an effort 
to produce a low stress situation.
32 three term series problems were presented to each subject, the
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eight positive and eight negative structures of determinate problems, 
each being presented with question having the same and opposite 
comparative term as that in the first premise, Asin the first 
experiment, men* s name;; were used for the terms. Ten one syllable 
names were used and these randomly selected for each problem. The 
height dimension was used for the comparative term. The problems 
were each typed onto a card, using both upper and lower case letters. 
The cards were then photographed and made up into slides.
Procedure
The problems ware visually presented on a screen over one session 
lasting about half an hour. The subjects were instructed firstly, 
not to linger unnecessarily over providing the answer to the problems 
but to give priority to accuracy over speed, and secondly, to 'think 
aloud» during their solving of the problem; if the subject stopped 
verbalising he was not prompted by the experimenter so that the 
low stress atmosphere could be maintained. These instances are 
identifiable in the records of responses (cf. table 37). The
presentation rate was self regulated by the subject and there was no
time limit for solution. The problems were presented in random 
order and the response times were measured by an electronic centi- 
second timer activated by a light-sensitive switch.
After the presentation of the problems, the subjects were invited to
make comments on their problem solving strategies and were particularly 
asked about
a. how they had interpreted their instructions to concentrate 
on accuracy rather than speed,
b. whether they had checked their answers and how they had 
gone about this.
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c. how they had dealt with negative problems.
The invitation given to the subjects to comment on their problem 
solving experiences was not an essential part of the experiment 
for reasons related to the previous discussion on the validity of 
subject introspection. However it was included to give the 
subjects an opportunity to relax after a period of intense concen­
tration and to give the experimenter a chance to use the comments 
as heuristic guides' to the identification of possible hypotheses to 
be tested in'a more controlled situation.
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Statement of Results
The results are summarised, in tables 52 to 47*
Association between solution times and problem structures 
A multiple regression analysis was carried c ,t on the individual data 
of each of the ei^t subjects. As in the previous experiment the 
reaction times for each problem, 52 in all, is the dependent variable 
and certain structure characteristics are Uie independent variables, 
viz. marked adjectives in the premises and the question, end-anchoring 
of the initial term in premise and negative equative premises ( table )5 )• 
As previously noted, the nomenclature of the first two independent 
variables are from different models but each has an identifiable 
characteristic in other models. For example, marked adjectives in 
the linguistic model have similar predictions to working in a non­
preferred direction in De Soto's spatial model, and end-anchoring 
has its equivalent process in Huttenlocher's logical subject of the 
premise and Clark's congruence.
Fit of model was assessed in terms of the squared multiple correlation 
2 2(R ). R is a measure of the proportion of variance in the reaction 
time data accounted for by the independent variables; hi^er values 
are indicative of better fit. The results are summarised in tables 
54 and 55.
The fit of individual data to the combined problem solving models is 
poor, in only one case (subject 2) being significant at the 5% level.
An inspection of table 55 shows that even the proportion of variance 
attributable to negation is low; this comparison of the proportion of 
variance within individual subject's reaction time data attributable 
to each independent variable is permissable only because these three
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variables have a zero correlation.
The data of individual subjects were fitted to Sternberg's mixed, 
linguistic and spatial models and the results are presented in Table 
36. . It will be observed that for must subjects (5/8) the best model 
fit is that incorporating the use of both spatial and linguistic pro­
cedures, i.e., the mixed model. One subject's data fitted best a 
spatial model and one a linguistic model. One subject had an iden- 
Lical best fit of data to both the spatial and mixed model. Although 
the indications are that subjects are using both spatial and linguistic 
procedures in problem solving it should be noted that F ratios at a 
significant level, for any model, have only been observed on the data 
of two subjects, so that it is unlikely that the model described here is 
near to the true model used by the subject, unless it has been confounded 
by repetitions of element orderings not related to problem structure 
but based on individual pattern of response.
Subject Protocols
Subjects generally reported that once they had arrived at an answer, 
i.e., who is the tallest, who is the shortest, they tended not to 
recheck this, although they all commented that, at least on some 
occasions, they checked the ordering of the elements of the problem 
and, once they were sure of the ordering, they 'read off the answer. 
These post-experimental comments made by subjects seem to be in 
agreement with their commentary made whilst working on the problems. 
Typical comments of the subjects are found in the appendices.
The coding of subjects' responses
Subjects', responses were coded into four categories as follows :
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'a ' was the code used when the subjects read out the problems and 
gave the answer w ithout any apparent h e s ita tio n , obviously 
processing the inform ation as i t  was being read. There 
was some v a r ia tio n  in  the ra te  o f reading but nothing that 
might be described as over-prolonged or excessively drawn out. 
b* was the code used when subjects appeared, a f te r  the i n i t i a l  
reading o f the problem, to carry out one ordering operation  
o f the elements and immediately, w ithout h e s ita tio n , give the 
answer. For example, the response " I f  Joe is  t a l l e r  than 
Sam, and Tom is  shorter than Sam, who is  the shortest? Joe 
is  t a l l e r  than Sam and Sam is  t a l l e r  than Tom, th erefo re  i t  
is  Joe", would be coded as ' b ' .
'o'  was the code used when there was a pause recorded between the  
i n i t i a l  reading o f the problem and the presentation o f the 
answer.
'd* was the code used when there appeared to be several re p e titio n s  
o f the ordering o f the elements before the answer was o ffe re d . 
The few occasions on which the subjects re-checked the problem 
o ffe rin g  an answer were also given th is  code.
On some occasions the subjects did not read the problem through 
i n i t i a l l y  as i t  appeared on the s lid e  but seemed to have s ta rted  
immediately on the processing o f the in form ation on the premises.
^ P^^^^cular example o f th is  immediate processing is  found in  the  
responses o f  subject 2 to the negative problems when they were read  
out i n i t i a l l y  in  a p o s itiv e  form. I f  the answer was provided im­
m ediately a f te r  th is  encoding i t  was coded ' a ' ,  otherwise i t  went 
in to  what seemed the most appropriate category. The coding o f re s ­
ponses can e a s ily  become associated w ith  sub jective  in te rp re ta t io n , so 
they were scored by two other independent scorers, as w e ll as the
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experimenter and an interjudge reliability was calculated by dividing 
those codes agreed upon (248) into the total number of codes (256), 
i.e., .969. The few codings that could not be agreed upon were left 
blank. The codings are presented in Table 37.
The p a tte rn  o f response codings
The pattern of response codings of each subject, at first sight, look 
quite dissimilar and there is no obvious groupings of subjects. An 
inspection of Tables 38a to 38h indicates that the 'a' responses tend 
to be shorter than the 'b* responses which, in turn, tend to be 
shorter than the 'o' and 'd' responses. All the subjects gave some 
'a' responses (immediate answer after the initial reading of the 
problem), although in the case of Subject 7 there is only one such 
response - the first one. However, there is no run of 'a' responses 
longer than six before single or runs of 'b', Vc' and 'd' responses 
occur. All subjects at some point 'retreat' to the longer solution 
times of delayed responses or responses preceded by several repet­
itions of the element ordering within the problem, although some sub­
jects do this very infrequently - Subject 1 on three occasions. Subject 
4 and Subject 5 once. On further consideration of Table 37, the pattern 
of responses of each subject looks as if there is a sort of rhythm which 
is characteristic of a particular subject, with few common features.
Association between protocols and reaction times
A m u ltip le  regression analysis  was c a rr ie d  out on the so lu tion  time 
data o f each in d iv id u a l sub jec t, so lu tion  times being the dependent 
variab le  and the response patterns provid ing the dummy coding fo r  the  
independent categorica l variab les  (c f Table 39)• Since the number o f  
errors were so few (c f Table 37) they were ignored fo r  the purpose o f
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2the analysis. The resulting R values are presented in Table 40. 
These values are significant at, at least, the 5% level for all 
subjects. Thus the individual solution time data offers a good 
fit to the 'response pattern' model whereas the goodness of fit to 
the usual problem solving models is poor and is not at a statistically 
significant level (cf Table 34).
One must consider the possibility that the significant association 
between protocols and subject reaction times is simply an artifact 
of the time it takes to verbalise the ordering of the problem items.
An inspection of the mean reaction times of the variously coded 
responses against the mean number of syllables (excluding those in 
the answer or the answer phrase) in the responses of individual sub­
jects (Table 41) does not, however, reveal a significant correlation 
(r .244). This nonsignificant correlation is probably due to two 
factors; subjects rarely repeated the complete wording of the prob­
lem; in some instances the repetition involved only the items to 
be ordered, and 'o' responses mostly involve, after an initial read­
ing, only the verbalisation of the answer.
However, one would expect some correlation between reaction times 
and syllables uttered because of the upper limit definable by the 
nature of 'a' and 'b' responses. The inclusion of 'c' responses 
which are identifiable by a pause between reading and answer do, 
however, seriously interfere with this association. When 'a', 'b', 
'o' and 'd' protocols are included in the comparison with solution 
times the correlation between the number of syllables in protocols 
and latencies is, as expected, reduced ( r .244) in contrast to 
the protocol-reaction time association based on 'a', 'b' and 'd' 
responses only (r ,620).
155.
The large variance observed in relation to many of the observed means 
in Table 41 lead one to look at the correlation between these two 
variables in the individual responses of each subject so that indiv­
idual variation may be examined. Correlations between solution 
times and syllables within verbal solutions for individual subjects 
are tabulated in Table 42. The overall pattern is similar for all 
subjects, that is that the correlation between reaction times and 
the number of syllables in verbal responses are, whilst positively 
correlated, is mainly at the nonsignificant level. The correlation 
becomes significant, in most cases, when the 'c* responses are omitted 
(although Subjects 6 and 8 do not show a significant correlation).
It appears, therefore, that there is enough variation in the syllable 
count in most subjects' responses to make the assumption that the 
o^^sring response of the subject is not an artifact of the time it 
takes to speak the protocol; it would seem reasonable to assume that 
the significant levels of variation in response times accounted for 
Ly the differently coded protocols is not entirely related to the time 
taken to verbalise the problem and could be related to the frequency 
of problem item ordering.
Assocation between protocols and problem structures
Tables 43a to 43h indicate, for each subject, the number of occasions 
on which the various protocols occur for each of the eight problem 
structures. An inspection of the data for each subject does not 
indicate differences of protocol frequencies related to the different 
structures, although it must be acknowledged that the number of prdb— 
lems (four) for each problem structure are too few to be amenable
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to analysis. When the data from all eight subjects are combined 
and a contingency coefficient (c) is calculated (table 4$-i) it is 
found that it is not significantly different from zero, indicating 
that the tj^ pe of protocol observed is not significantly related to 
a particular problem structure.
Association between protocols and subjects
Table 44a- - h indicates the protocols given by all the subjects for
each problem structure. V.Tien the Kendall coefficient of concordance
value (w) is calculated for subjects' protocols on the different
problem structures (table 4 5) it is found that for most structures
there is a non-significant V coefficient, that is, there is a difference
in the protocol responses of subjects on most structures, the exception
being structures 1 and 7 which have a W coefficient which is significant
at the 5^ 0 level, A similar result, V significant at the 5/^  level,
was obtained for subject protocols for all structures (table 44i).
When the contingency coefficient was calculated for the data in
table 27i it was found to have a C value of .48 which is significantly
different from zero at the ,001 level. It is not, however, directly
2
comparable with the concordance coefficient obtained because the X 
calculation involved required the amalgamation of 'o' and 'd' responses 
because of low cell frequencies. This result indicates that there 
is no agreement among subjects on the protocols observed. Inspection 
of the data and analysis of the separate structures, however, indicate 
that subjects' responses are significantly different for structures 
1 and 7 only.
The sequencing of subject protocols
Table 4 6a - h shows, for each subject, the sequencing of protocols.
Most subjects (l, 2, 4 » 5» 6) have a predominance of 'a' and 'b'
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sequencies and table 4^1 shows a similar result for combined subject 
protocols. There are, however, three subjects(3t 7» 8) who have 
a more even distribution of 'a' and Vb* and *c' and 'd' sequencing.
On inspection, it appears there may be some association between the 
number of transitions from 'a* and 'b' responses to 'c' and 'd* 
responses and conversely, from 'c' and 'd* responses to *a* and ' b* 
responses on the one hand, and the number of *a* and *b* sequencies 
in relation to 'c* and *d* sequencies on the other, A Spearman's 
rank correlation coefficient was calculated for these two factors 
(table 47)giving a significant value of r^ (p < .01).
Negative problems
The subjects' commentaries on negative problems seem to indicate a 
variety of strategies in dealing with the conversion of the negative 
equative premises. The following three strategies were indicated,
a) The reversal of the elements within the premises so that 
"If Jim is not shorter than Fred, and Fred is not shorter 
than Bill" becomes "Fred is shorter than Jim, and Bill is 
shorter than Fred".
b) The reversal of the comparative terms within the premises so 
that "If Sam is not smaller than Tom and Bert is not taller 
than Sam" becomes "Sam is taller than Tom and Bert is shorter 
than Sam" .
c) In certain circumstances, when, after the conversion of the 
first premise using either strategy *a* or 'b', the comparative 
term in both premises is then the same as that in the question, 
subjects sometimes seem not to need to convert the second 
premise into a positive form. For example, a problem of the 
form "If Ted is not shorter than Sam, and Bill is not shorter
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than Ted, who is the shortest?" may be processed by converting 
the first premise into "Sam is shorter than Ted". Having 
converted this premise the second does not seem to need 
converting before yielding useful information. Indeed some 
subjects have encoded the second premise as "Bill is not the 
shortest". Another example is the problem "If John is not 
taller than Tom and Bert is not shorter than Tom, who is the 
shortest?", the first premise of which may be converted into 
"John is shorter than Tom", making it unnecessary to convert 
the second premise.
All of these strategies of conversion are sometimes reported by the 
same subject and some of the negative problems were instantly processed 
into their positive form, notably by subject 5 who did this with all 
but the last of the negative problems, although other subjects did 
so with only some of the problems.
Subjects* observation on their interpretation of experimental 
instructions
All subjects were asked how they had interpreted the experimental 
instruction to concentrate on accuracy at the expense of speed.
Three subjects (5, 5 and 6) said that they tended not to take speed 
into account whereas the other five subjects reported that they 
were unable to ignore the speed factor and considered that they gave 
speed and accuracy equal weighting. However, there is no indication 
in the subjects* response patterns of any differences between the 
two groups.
Subject latencies
Like the first experiment, the present experiment gave rise to 
longer latencies than other researches, although it is difficult to
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make direct direct comparisons because of variation in instructions to 
subjects and experimental design. The solution latencies in the 
present experiment (table $2) are longer than those in the first 
exneriment, where the instructions were somewhat different; the 
longer latencies im the present experiment were to be expected in 
view of the time taken to verbalise the solutions in accordance 
with the experimental instructions. In the present experiment the 
range of mean latencies is from 12,59 seconds to 55*5  ^ seconds, on 
positive problems, and from 18,34 seconds to 48*41 seconds on negative 
problems, compared with a range of 6,22 seconds to 17*58 seconds on 
positive problems and 9*98 seconds to 29*97 seconds on negative 
problems in the first experiment.
It should be noted, however, that the range of latencies in the 
first experiment is based on group means whilst those in the 
present experiment are the mean solution times of individual 
subjects. An inspection of table 52 indicates marked differences 
between negative and positive solution times as well as marked 
differences in variance which do not appear to be associated with 
differences between subjects or positive and negative problems. 
Ignoring the demands of homogeneity of variance and relying on 
the power of the 't* test, a significant difference was found 
between the mean scores on negative and positive problems (p^ ,01) 
by calculating the value of *t* for correlated data. This is a 
similar level of significance as in the difference between negative 
and positive problems found in the first experiment.
Tests of significance based on group means and variance and the. 
estimated probability of thetr belonging, to ' the. same population.
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can only establish the probability of significant difference 
between groups without revealing the proportion of variation 
related to the independent variables. Multiple regression analysis 
of individual data, however, allow this comparison. Such a comparison 
of subjects in the first experiment and the present experiment 
(table 19, table 55) indicates ihat the proportion of variation 
in response times related to negative/positive problems displayed 
by subjects in the present experiment most closely resenbles that 
of the Trinidadian men group in the first experiment.
Errors
There were very few errors in problem solution; most subjects were 
error free but the hipest number was four^ (of table 57)* The 1 
low error rate is in agreement with that found in the first 
experiment. Many other researches, however, have a h i ^  error rate 
(De Soto, 1985; Huttenlocher, I988; Clark, 1989a, b) although others 
have similar low error rates (Wood, I969; Sternberg, 1980a, b).
In fact Sternberg suggests that the low error rate of his subjects 
is related to instuctions emphasising accuracy,
Snmmary
Like the first experiment , the present experiment fails to establish 
a significant relationship between length of solution time and 
complexity of problem stucture. Most subjects had a best fit of 
solution time data to Sternberg* s mixed model but this was mainly 
at a nonsignificant level.
Some aspects of the subjects* performance (variation in responses 
related to the negation variable) most closely resembles that of
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the Trinidadian men subject group in experiment one.
Categorising subject protocols on the basis of apparent repetition 
of tlie ordering of the elements of the problem provides a 
significant account of solution, time but there is no apparent 
association between particular protocols and problem stucture. Each 
subject seems to have a characteristic pattern whichprovides little 
evidence on which to base generalisations.
There is, however, a significant correlation between the number of 
transitions subjects make from problems associated with *a* and 'b* 
protocols to *c* and *d' protocols and the weighting of * a* and * b* 
sequencies and ’c* and 'd* sequencies. Subjects who have a more 
even number of sequencies of each type tend to change protocols 
more often, so it appears that there is a difference in style between 
subjects who have more runs of protocols, predominantly of the * a* and 
‘b* types, and few transitions bet^ ^^ een the two gro ps of protocols, 
and subjects with the number of runs more evenly distributed between 
*a* and *b* protocols and *c* and *d* protocols and have more transitions 
between the two types.
Discussion of Results
The fitting of individual reaction times to the usual problem solving 
models yielded a similar result to that obtained in the first 
experiment viz, that the main variables which would be expected to 
predict differences in performance only accounted for a small, mainly 
nonsignificant , percentage of the variation in the data (table 19 
experiment one, table 34 experiment two). It would seem, therefore, 
that the results obtained in the first experiment were not just a 
*one off* and that under similar but not identical conditions
Table 32
Mean solution times for the eight subjects
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Negative Problems Positive Problems All Problems
SUBJECT Mean Variance Mean Variance Mean Variance
s e c e n d s s e c e n d s s e c e n d s
1. 18.34 32.16 16.51 167.59 17.42 97.50
2. 31.04 484.45 16.85 115.13 23.95 342.08
3. 43.59 1355.11 22.35 182.44 32.98 860.45
4. 21.17 203.46 14.61 29.78 17.87 123.97
5. 20.47 224.18 12.59 13.63 16.53 131.05
6. 20.46 69.91 17.39 87.03 18.93 74.48
7. 48.41 648.01 33.47 497.39 40.98 595.10
8. 37.63 1017.78 18.60 177.47 ' 28.00 668.17
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Table 35
Three term series problem structures with values of independent 
variables
* Item No.i Premises
. —  — 1
Question M EA N
1 5 B <A 0 <B < 5 1 0
2 2 A <B B <0 > 2 1 0
3 1 A <B C >B > 1 2 0
4 8 B < A B:> 0 > 1 0 0
5 1 A <B C> B < 2 2 0
6 6 A > B B > 0 < 1 1 0
7 2 A is B{C > 2 1 2
8 5 A1>B C4B < 2 2 2
9 5 B f A  CtB 5 2
10 2 A f B B f C < 5 1 2
11 7 B j-A C:^B > 0 1 2
12 2 A < B  BcC < 5 1 0
15 5 B < A  C^B > 2 1 2
14 6 A if 3 B If C 1 1 2
15 7 Bq>A C:^B < 1 1 2
16 8 B 4 A  B 0 > 1 0 2
17 5 A > B  C< B > 1 2 0
18 5 B < A  0 <B > 2 1 0 ■ i
19 4 B:^A BiC > 1 0 i
20 4 B > A  B< C < 2 0 ° 1
21 5 A> B C < B < 2 . 2 0
22 4 B > A  B<C > 1 0 0
25 8 B<A B>C < 2 0 0
24 7 B > A  0 >B c 1 1 0
25 8 B ^ A  B:fC < 2 0 2
26 4 B::j.A 2 0 2
27 6 A B Bd^  C > 0 1 2
28 1 A ^ B  C:^B > 1 2 2
29 7 B > A  C > B > 0 1 0
50 6 A > B  B>C > 0 1 0
51 1 A4:B C^B < 2 2 2
52 5 A:{-B C^B > 1 2 2
M = marked adjectives EA = end anchoring of premise 
H = negative premise
The number preceding the premises has been assigned to the problem 
structure.
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Table 34
Fit of combined linguistic and spatial problem solving models 
to individual subjects' solution times (R^)
F
Value
Subject 1 .020 <1
Subject 2 .279 3.58
Subject 3 .204 2.43
Subject 4 .204 2.43
Subject 5 .221 2.64
Subject 6 .147 1.63
Subject 7 .195 2.24
Subject 8 .149 1.66
not significant at level 
significant at 5a^> level 
not significant at 5% level
Table 35-
Proportion of variance within individual subjects' solution 
time data attributable to each independent variable
M EA N
Subject 1 .002 .009 .009
Subject 2 .127 0 .152
Subject 3 .018 .051 .135
Subject 4 .019 .091 .094
Subject 5 .038 .062 .121
Subject 6 .115 0 .032
Subject 7 .081 .019 .095
Subject 8 0 .006 .143
M = Marked adjective
EA. = End anchoring of premise
N = Negation of premise
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Table 36
Comparison of solution time data fitted to mixed, linguistic
2
and spatial problem solving models (R )
Mixed Linguistic Spatial
Subject 1 .074 .080 .219
Subject 2 .275 .373 * .286
Subject 3 .274 .130 .161
Subject 4 .223 .161 .143
Subject 5 .240 .190 .206
Subject 6 .249 .169 .249
Subject 7 .428 * .239 .221
Subject 8 .241 .225 .178
*R values yielding significant F values
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Table 38(a)
Problem solution times of subject 1 and their response codings
Item No, Reaction time Response code
I 16,50 secs a
2 16.85 " b
3 10.73 " a
4 18.98 '• c
5 26.90 " b
6 11.78 " a
7 10.56 " a
8 28.57 " b
9 25.91 " b
10 10.89 " a
11 16.17 " a
12 14.36 " b
13 23.76 " c
14 20.13 " b
15 17.16 " b
16 16.50 " b
17 10.23 " a
18 17.49 " b
19 19.64 " b
20 8.09 " a
21 8.25 " a
22 61.05 " c
23 15.68 " b
24 9.90 " a
25 16.50 " b
26 9.08 " a
27 18.81 " b
28 16.85 " b
29 10.75 " a
I 30 6.60 " a
31 26.40 " b
1 32
t 1 ............  ...
16.50 " b
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Table 38(b)
Problem solution times of subject 2 and their response codings
Item No, Reaction time Response code
I 21.28 secs b
2 23.10 " b
3 17.16 " b
4 16,17 " b
5 17.16 " b
6 18,98 " b
7 89,10 " c
8 33.00 " c
9 29,70 " c
10 39.60 " c
11 14.85 " a
12 15.68 " a
13 77.22 " c / d
14 18.81 " b
15 31.35 " b
16 23.10 " b
17 16.50 " b
18 15.68 " b
19 19.80 " d
20 52.80 " d
21 9.90 " b
22 7.26 " a
23 . 9.57 " b
24 11.88 " b
25 28.71 " d
26 12.21 " b
27 9.90 " b
28 16.50 " b
29 9.24 " a
30 7.26 " a
31 23.10 " d
32 29.70 " c
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Table38„(c)
Problem solution times of subject 3 and their response codings
Item No, Reaction time Response code
1 21.45 secs b
2 34.49 " d
3 21.12 " b
4 42.90 " d
5 20.63 " b
6 18.15 " b
7 62.70 " b
8 57.75 " c
9 56.10 " d
10 16.50 " b
11 127.05 " d
12 14.85 " b
13 13.56 " b
14 72.60 " c
15 39.60 " d
16 21.78 " b
17 28.05 " d
18 9.90 " a
19 118.80 " d
20 31.35 " d
21 18.15 " b
22 56.10 " b
23 16.50 " b
24 8.25 " a
25 26.40 " d
26 21.45 " c
27 20.79 " c
28 21.45 " d
29 5.78 " a
30 9.90 " b
31 6.93 " a
32 14.03 " b
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Table 3Q.(d)
Problem solution times of subject 4 snd their response codings
Item No. Reaction time Response code
1 13*20 secs a
2 20.65 " b
3 10.56 " a
4 21.78 "
5 14.03 " b
6 21.78 " b
' 7 17.16 " b
8 23.45 "
9 25.10 " b
10 25.76 " b
11 31.35 " b
12 18.68 " a
15 8.91 " a
14 9.90 " - a
15 20.99 " b
16 19.80 " b
17 9.90 " a
18 24.09 " d
19 19.80 " b
20 15.86 " b
21 10.56 " a
22 8.91 " a
23 15.51 " b
24 6.60 " a
25 69.50 " c
26 15.51 " b
27 15.86 " b
28 11.55 " b
29 7.92 " a
30 15.68 " b
31 10.25 " a
32 19.80 " b
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Table 38(e)
Problem solution times of subject 3 and their response codings
Item No, Reaction time Response code
1 11.55 secs a
2 19.80 " a
3 18.98 " a
4 11.55 " a
5 12.21 " a
6 13.20 " a
7 27.72 " b
8 19.80 " a
9 27.66 " b
10 12.38 " a
11 15.84 " a
12 15.68 " a
13 14.88 " a
14 13.86 " a
15 17.10 " b
16 16.50 " a
17 13.86 " a
18 6.60 " a
19 18.15 " b
20 14.03 " a
21 8.25 " a
22 13.58 " b
23 7.92 " a
24 14.52 " a
25 21.12 " b
26 10.56 " a
27 8.25 " a
28 20.46 " b
29 9.90 " a
30 9.90 " a
31 72.60 "
32 10.56 " a
Table .39ff)
Probleni solution times of subject 6 and their response codings
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Item No, Reaction time Response code
I 22,11 secs 1 c
2 31.35 "
I
I 0
3 13.86 " 1 b
4 13.2 0 - " a
3 33.00 •«
6 j 13.86 " a
7 25.00 " c
8 19.80 " b
9 36.30 " b
10 11.55 " a
11 9.90 " a
12 9.90 " a
13 18.15 " b
14 29.70 " b
15 9.57 " a
16 23.10 " b
17 11.55 " a
18 19.80 " b
19 24.75 " d
20 38.78 " d
21 9.90 " a
22 7.92 " a
23 9.90 " a
24 11.55 " a
25 24.75 " b
26 15.18 " a
27 11.55 " b
28 19.80 " b
29 13.86 " c
30 17.82 " d
31 30.36 " d
32 17.82 " b
Table 38(g)
Problem solution times of subject 7 and their response codings
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Item No,
T"" " - ----- ----j Reaction time 1 Response code
1 19.30 secs a
2 58.50 " c
5 26.00 "
4 36.50 " ! 0 !
5 79.00 " I c 1
6 55.50 " ° 1
7 77.50 " = I
8 96.00 " j 11 C I
9 81.00 " 1 c
10 75.00 " d
11 57.00 " d
12 35.00 " d
13 32.00 " b
14 65.00 "
15 25.00 " b 1
j
16 30.00 " b
17 20.00 " b
18 20.01 " b
19 67.52 " d
20 23.00 " b
21 25.03 " b
22 15.00 " b
23 18.50 " b
24 75.00 " d
25 44.00 " d
26 23.00 " d
27 15.00 " b
28
. 32.49 " b
29 12.00 " b
30 18.50 " d
31 30.00 " d
32 24.00 »' b
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Table 38(h)
Problem solution times of subject 8 and their response codings
Item No. Reaction time Response code
1 10.00 secs a
2 12.00 " a
3 12.01 " a
4 60.00 " d
.5 18.48 " a
6 23.00 " d
7 155.00 " d
8 21.01 " b
9 23.47 " c
10 24.00 " c
11 55.00 " d
12 15.00 " a
13 29.01 " b
14 35.00 " c
15 37.99 " d
16 25.00 " c
17 16.00 " b
18 12.98 " a
19 27.50 " b
20 16.00 " b
21 18.49 " c
22 10.00 " a
23 14.00 " a
24 35.98 " d
25 40.00 " d
26 29.00 " d
27 29.98 " d
28 25.00 " d
29 10.00 " ■ a
30 10.00 " a
31 25.00 " d
32 40.00 " d
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Table 39
Three term series problem structures with coding of categorical 
independent variables (response patterns) for each subject
Item
No, Premises Question
Sub,
1
Sub,
2
Sub.
3
i Sub,
1 4
Sub,
5
j Sub, 
6
Sub,
7
i Sub,
i, 8
1 B < A  0 < B < i 10 01
1 1 10
10 00 10 ■ 10
2 A < B B < 0 > Î 01 01 ! 00 101 10 00 00 ; 10
3 A < B  C > B > ! 10 01 ; 01 10 10 01 01 : 10
4 B < A  B > C > ; 00 01 i 00 10 10 00 ! 00
5 A <B C >B < i 01 01 I 01 1 01 10 01 00 j 10
6 A >B B > C < 1 10 01 01 1 01 10 10 00 : 00!
7 A:^B B-tC >
1 “
00 ; 01 I 01 01 00 00 j 00
8 A >B C < B < 1 01 00 ; 00 I 10 01 00 1 01j
9 Bi A C4:B < 1 01 00 1 00 I 01 01
00 j 00
10 A 4 B B < C < 10 00 ! 01 1 01 10 10 00 00
11 B f A  C:^B > 10 10 1 00 j 01 10 10 00
j
! 00
12 A < B  B < C < 01 10
i 1 ^0
10 10 00 10
13 B 4 A  C 4B > 1 00 00 I 01 j 10 10 01 01
!
14 A } B  B ^ C < 01 01 1 00 10 10 01 00 1 00
15 B;f>A C:|.B < 01 01 1 00 01 01 10 01 00
16 B 4 A  3-^C > 01 01 1 01 01 10 01 01 00
17 A > B  C < B > 10 01 1 00 I 10 10 10 01 01
18 B < A  C < B > 01 01 10 1i 10 01 01 10
19 B j>A B f  0 > 01 00 00 01 01 00 00 01
20 B >A B< 0 < 10 00 00 01 10 00 01 01
21 A > B  C < B < 10 01 01 10 10 10 01 00
22 B > A B < C > 00 10 01 10 01 10 01 10
23 B < A  B > C < 01 01 01 01 10 10 01 10
24 B > A  C> B < 10 01 10 10 10 10 00 00
25 B^iA B 4 C < 01 00 00 00 01 01 00 00
26 B:^A B f C < 10 01 00 01 10 10 00 00
27 A :fB B:|.0 > 01 01 00 01 10 01 01 00
28 A i B  C > B > 01. 01 00 01 01 01 01 00
29 B > A  C > B > 10 10 10 10 10 00 01 10
30 A > B  B > C > 10 10 01 01 10 00 00 10
31 A 4 B  Cj>B < 01 00 10 10 00 00 00 00
32 A t>B C 4B > 01 00 01 01
-
10 01 01 00
10 = immediate answer after reading problem; 
ordering of the elements of the problem; 00 
ordering of the elements before answering.
01 = answer after one 
= pause or repeated
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Table 4P
Fit of 'response pattern' model to individual subjects' solution 
times (R^)
F
Value
Subject 1 .510 15.00 Significant at 1% level
Subject 2 .475 15.11 II II II II
Subject 5 .551 7.22 II II II II
Subject 4 .615 23.62 II II II II
Subject 5 .888 110.00 II II II II
Subject 6 .517 15.24 II II II I
Subject 7 .521 15.55 II II II I
Subject 8 .224 4.15 I II 5^/ II
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Table 45
Pro to cols of Individual and All Subjects in the solution of the
eight problems structures 
a) Subject 1
PROTOCOLS
CO
o
CO
A <B 0 
A <B B <0 
A >B 0 <B 
B >A B <0 
B <A C < B 
A > B  B> 0 
B >A
B <A B> C
Totals
c) Subject 3
CO
CO
Totals
a b c d
; 1 3 0 0
; 2 2 0 0
2 2 0 0
! ^ 1 1 0
1 1 2 1 0
2 2 0 0
: 5
i
1 0 0
: 0 3 1 0
13 16 3 0
a
PROTOCOLS 
b c d
1 2 0 1
0 3 0 1
0 2 1 1
0 1 1 2
1 2 0 1
0 2 1 1
2 0 0 2
0 2 0 2
4 14 3 11
b) Subject 2
PROTOCOLS 
a b e d
1
2
3
CO 4
C) 5
tq
6CO
7
8
0 5 1 1
1 1 2 0
0 2 2 0 1
1 1 0 2
0 2 2 0
1 3 0 0
2 2 0 0
0 3 0
5 17 6 4
d) Subject 4
PROTOCOLS 
a b e d
CO
CO
2 2 0 0
3 0 0
2 1 0 0
1 3 0
2 1 0 1
0 4 0
2 1 0 0
0 2 1 0
11 17 1 1
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e) Subject 3
CO
o
CO
PROTOCOLS
f) Subject 6
PROTOCOLS
Totals
a b c d a b c d
1 2 1 0 1 1 0 3 0 1 1
2 3 1 0 0 2 2 0 2 ' 0
3 4 0 0 0 CO 3 2 2 0 ! 0
4 2 2 0 0
o
4 2 0 0 I 2
5 3 1 0 0 5 0 3 1 ! 0
6 4 0 0 0 6 1 2 0 1  ^
7 3 1 0 0 7 3 0 1 1  °
8 3 1 0 0 8 2 2 0 0
24 7 0 ■ 1 12 12 4 4
g) Subject 7
CO
Ü
CO
PROTOCOLS
a b e d
0 2 1 1
0 0 2 2
0 3 1 0
0 2 0 2
1 2 1 0
0 1 1 2
0 2 0 2
0 2 1 1
h) Subject 8
PROTOCOLS 
a b e  d
CO
B
CO
2 0 0
^ 1
2 0 1 1
0 2 1 1
1 2 0 1
2 1 1 0
1 0 1 2
1 0 0 3
1
1 .
0 1 2
Totals 14 10 10 5 5 12
i) All subjects
182
PROTOCOLS
a b e d
8 16 1 7
11 10 7 4
10 14 5 2
12 2 9
10 14 6 2
9 14 5 6
17 7 1 7
6
i
15 4 6
Totals 80 102 29 43
Contigency Coefficient C = ,23; not significantly different 
from zero.
Table 44
Sub.jects* protocols on each structure and all structures
183
a) Structure 1
PROTOCOLS
b) Structure 2
PROTOCOLS
a b c d a b c d
1 1 3 0 0 1 2 2 0 0
2 0 3 0 1 2 1 1 2 0
3 1 2 0 1 3 0 3 0 1
2 2 0 0
c/2 
1  '
1 3 0 00 5 2 1 0 1 1  5 3 1 0 0
6 0 3. 0 1 6 2 0 . 2 0
7 0 2 1 1 7 0 0 2 2
8 2 0 0 2 8 2 0
Totals 8 16 1 7 11 10 7 4
Structure 5 d) Structure 4
PROTOCOLS 
a b c d
PROTOCOLS 
a b c d
1 2 2 0 0 1 2 1 1
2 0 2 2 0 2 1 1 0 2
3 0 2 1 1 3 0 1 1 2;« 2 1 0 0 1 41 3 0 0
4 0 0 0 1 52 2 0 0
6 2 2 0 0 6 2 0 0 2
7 0 3 1 0 7 0 2 0 2
8 0 2 1 1 8 1 2 0 :
Totals 10 14 5 2 9 12 2 9
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e) Structure 5
I
Totals
g) Structure 7
COE4
PROTOCOLS
a b c d
1 1 2 1 1 0
2 0 2 2 1 0
3 1 2 0 I \
4 2 1 0 h
5 3 1 0 ! 0i
6. 0 3 1 1 8
7 1 2 1 ! 0
8 2 1 0
10 14 6 2
PROTOCOLS
Totals
a b c d
1 3 1
2 2 2 0 0
3 2 0 0 2
4 3 1 0 0
5 3 1 0 0
6 3 0 1 0
7 0 2 0 2
8 1 0 0 5
17 - 7 1 7
f) Structure 6
PROTOCOLS 
a b e d
COE-i
COEH
ë
1 2 2 0 0 '
2 1 3 0 1
3 0 2 1
i
1 I
4 0 4 0
5 4 0 0 0
6 1 2 0 1
7 0 1 1 2
8 1 0 1 2
9 14 3 6
Structure 8
PROTOCOLS 
a b e d
1 ' 0 3 1 0
2 0 3 0 1
3 0 2 0 2
4 0 2 1 0
5 3 1 0 h
6 2 2 0 0
7 0 2 1
8 1 0 ’ 1 2
6 13 4 6
185
i) All structures
COEH
ë
PROTOCOLS 
a b c
Totals
1 13 16 3 0
2 5 14 6 4
5 4 14 3 11
4 11 17 1 1
5 24 7 0 1
6 12 12 4 4
7 1 14 7 10 1!
8 10 5 5 12 I
80 102 29 43
Contingency coefficient C = .48; significantly different from 
zero at .001 level
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Table 43
The Association between the frequency of runs of c + d protocols 
and changes from a + b to c + d protocols
Runs of c + d 
protocols
Changes from a + b 
to c + d protocols
Subject 1 0 7
Subject 2 4 10
Subject 5 8 14
Subject 4 0 4
Subject 5 0 2
Subject 6 4 7
Subject 7 11 12
Subject 8 7 13
= .87 (p  < .01)
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Table 46
Contingency tables for each subject and all subjects, shoving 
the sequencing of response protocols
a) Subject 1
PRECEDING
PROTOCOLS
a
ëco
R R 
A  O
H  O
B g
a 3 8 0 0
rO
+ a + b c + d
b 7 6 3 0
cd
24 3
c 3 1 0 0 4 0
d 0 0 0 0
+
o
b) Subject 2
PRECEDING
PROTOCOLS
S 3  ^11 = 
c o
B FL, d
2 2 1 0
1 12 1 3
1 1 3 0
1 2 0 1
+
o3
a + b
17
c + d
5
c) Subject 3
PRECEDING
PROTOCOLS
a b c d
a 0 2 0 1
O T_
5 3  ^ 2 5 0 6
A  O
i s  = 0 2 1 2
B g  d 1 4 4 1
rO
+ a + b
+
Ü
c + d
7
8 .
d) Subject 4
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ü ,
is
B g  c
PRECEDING
PROTOCOLS
a b c d
3 6 0 0
5 8 1 1
1 0 0 0
1 0 0 0
+
c\3
'd
+
ü
22
e) Subject 3
ci) ,
8 3 ^
A  O
S S d
PRECEDING
PROTOCOLS
a b c d
c + d
1
15 7 0 1
A
+ , a + bd
297 0 0 0
0 0 0 0 : 1 
o
0
1 0 0 0
f) Subject 6
PRECEDING
PROTOCOLS
ci) ,
A  O  P O
B A d
a b c d
c + d
4
5 6 0 1
A
+ , 
ce a + t
206 5 2 1
1 1 1 0 % 5 
6
4
0 1 1 2
g) Subject 7
PRECEDING
PROTOCOLS
189
ü)
0 o
B o °
--------------------------------
0
, ■ .... .........— 1
0 0 0
rD
+ a + b 
8
c + d 
60 8 1 5
1 1 5 0 6
+
11
0 4 1 5 ü
h) Subject 8
PRECEDING
PROTOCOLS
B S
A  O  0 O
O S
g g
a b c d
a 4 1 1 5
b 2 1 1 1
c 0 5 1 1
d 4 0 2 6
A
+
c\3
xf
+
V
i) Ail Subjects
PRECEDING
PROTOCOLS
O
il
a b c d
a 32 32 2 6
b 30 43 9 17
c 7 9 11 3
d 8 11 8 15
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Table .47
The Kendall coefficient of concordance values (w) for subjects' 
protocols on the different problem structures
S value W coeff
Structure 1 120,50 .59 Sig, (p <.05)
Structure 2 29.50 ,10 N.S.
Structure 5 97.24 .32 N.S,
Structure 4 69.50 .23 N,S,
Structure 5 87.17 .28 N.S,
Structure 6 46,50 .15 N.S.
Structure 7 101,00 .33 Sig, (p < .05)
Structure 8 71 .25 N.S,
All Structures 117.50 .38 Sig, (p <,05)
The values of W are slightly depressed since the correction 
for ties has not been included in the calculation. The 
estimate of correction for Structure 7 therefore gives a 
significant value of W at the 5% level.
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were repeated. The indications are that experimental instruction 
is a factor to be accounted for in statements related to the 
generality of problem solving,
A comparison of subjects in the first and the present experiments 
(table 19f table 25) indicatesthat the proportion of variation in 
response times related to negative/positive problems displayed by 
subjects in the present experiment most closely resembles that of. 
the Trinidadian men group in the first experiment. One would have 
expected that if the group differences in proportion to the 
variation due to the various independent variables observed in the 
first experiment had any degree of stability that the negative/ 
positive problem variation in the present experiment would  ^
have most closely resembled those of the of the British groups.
This leads one to reconsider the possible explanations of the sex/ 
culture interactions which have been observed. This observed difference 
within British groups, across experiments may be yet another effect 
of variation in instruction related to thinking aloud in the two 
experiments. It is an interesting speculation that these differences 
are related to verbalisation during problem solving and that group 
differences in performance in the first experiment may be related 
to differences, based on sex and cultural groupings, in spontaneous 
verbalisation during the experiment.
The longer latencies in the second experiment can be accounted for by 
the instructions, involving thinking aloud during problem solving.
When reaction time data is fitted to observed response pattems( table 59) 
a significant relationship is observed which does not appear to be
an artifact of the number of spoken syllables in subject responses 
(table 41, table 42).
192.
2
Although the R values show a statistically significant variation 
due to the differences in response pattern, it must be noted that 
there is still a sizeable amount of unexplained variation in the 
reaction time data. Indeed, it is known from the previous analysis 
(table 34 ) that some variation, althou^ at a mainly insignificant 
level, is due to complexity of problem structures as indicated in 
the various three terra series problem solving models but even the 
best fitting model for the data does not succeed in accounting for 
all variation, Sternberg (1980a) comments, after fitting a problem 
solving model to reaction time data and finding positive results,
"But information - processing models such as this one almost inevitably 
represent simplifications of the complex, possibly non-linear 
processing that people do. At best, these models capture the major 
features of the model or models people actually use."
Bearing in mind these limitations, one must consider what it is about 
the 'response pattern' model that accounts for its fitting the 
latency data better than the other three term series problem solving 
models suggested in the literature. Since the independent variables, 
i,e, the protocols, are based on observed behaviour, that is on 
what the subject appears to be doing, this does not entitle one to 
conclude unequivocally that there is a direct correspondence with the 
mental processes involved. It would be convenient to conclude that 
the difference between variables 'a' and 'b', and 'a' and (*c' and 
'd'), and *b' and ('c' and 'd'), is the number of times the problem 
elements are ordered by the subjects, i,e, the simultaneous processing 
of the elements ('a'), a further ordering of the elements after 
reading the problem ('b'), and more than one ordering of the elements 
after reading the problem ('o' and 'd'). One must treat this
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interpretation with some caution since one is dependent on the 
subjects' commentaries. Whilst accepting this limitation, the 
term 'checking procedure' is used although the precise nature of 
the processes involved is unclear.
It may be considered that the various protocols are indicative of 
the extent of the checking of the element ordering with problems 
that is not associated with complexity of problem structure. Any 
checking procedures in researches where the usual models of three 
term series problem solving are observed are presumed to be related 
to complexity of problem structure and would not be considered 
detrimental to the fitting of reaction time data to the hypothesised 
model.
However, if one considers the total number of 'b' protocols, i.e. 
from all eight subjects, using their reaction time data as the 
dependent variable and the usual structure characteristics as the 
independent variables, in a multiple regression analysis there is 
a good fit of the data to the combined spatial and verbal model 
predictions, (R^- .190, p < . 0l). This result is not directly 
comparable with the previous analyses which were carried out on 
individual subject data whereas in this analysis all available 'b' 
protocol reaction times were grouped together to provide a suitably 
sized data sample for multiple regression. Taking this into 
account, there is some indication that it may be the longer reaction 
times associated with 'c' and *d' protocols which are, to a 
considerable extent, masking the underlying response pattern that is 
observed in other researches.
In the present experiment indications of repeated processing in *c*
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and *d' protocols Eire relatively few, in some cases (subjects 4 and 
5) once only and by far the highest occurence is seventeen (subject 8), 
The indications are that subjects take longer to process the 
information in the premises and select the answer, than subjects in 
other researches but, perhaps because of the pressures of absolute 
accuracy, the occasions on which they seem to be repeating the 
processing of information (i.e. producing *c' and 'd* protocols) may 
well be due to a 'span of effort* or * span of concentration* related 
to Bruner's concept of cognitive strain. In other words the 
instruction to accuracy and, indeed, the higher rate of accuracy 
achieved compared with many other researches, may have been achieved 
by h i ^  concentration on the processing of information with an 
association between structure complexity and reaction times. On 
the other hand, the effort involved in this 'high accuracy* situation 
leads to occasional 'lapses' when the subject has to make several 
repetitions of the processing of the information in premises without 
reference to the complexity of problem structure, resulting in longer 
solution times.
It appears from the coding of the protocols (table37 ) that some 
subjects seem to be of a 'high concentration* type, with few recourses 
to the 'c* and 'd* protocols, the non-structure related repetitions 
of element ordering. Other subjects appear to divide their 
responses more evenly between the 'a* and *b* protocols and the 'o' 
and 'd* protocols.
There are, however, some reservations that this is the total 
explanation of the deviation of the data in this experiment from the 
documented models of problem solving. If this explanation of the 
subjects having periodic lapses from structure-related repetitions
195. .
the ordering of problem elements was totally adequate one would 
expect that subjects who had few ’c' and 'd' protocols (1, 4 and 5) 
to have a significantly good fit of reaction time 4ata to the usual 
models. An inspection of Table 34 shows that this is not the case.
2
However, subjects 4 and 5 have R values among the highest in the 
subject group (.204 and .221), although subject 1 has the lowest 
(.020). Subject 2 whose R value is .279 and significant at the 
5% level presented more 'o' and ’d' protocols than any of the 
subjects in question (of Table 37).
It must be emphasised that this point is not so clear as it would 
appear since the 'a' and 'b' protocols have not been separated in 
these observations because there are too few observations of each 
to give a meaningful analysis. However, one would expect if it is 
solely repetitions of the ordering of elements that is masking the 
usual sorts of data observations that 'a' and 'b' protocols combined 
would show a variation of reaction times related to problem structure.
It is possible that when accuracy is emphasised in experimental in­
structions that, beside the effect of the 'span of effort' on reaction 
time performance subjects are in fact using a variety of strategies to 
ensure accuracy. Whilst the data observed in the experiment is not suff­
icient to provide any firm evidence of this, a consideration of subject 
protocols in respect of negative problems may provide some useful 
pointers. As already recorded in the statement of results, subjects' 
protocols on negative problems are variable, three different conversion 
strategies seem to be used on some occasions by the same individuals, 
sometimes in the solution of one particular problem.
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Conclusion
Subjects in this experiment appear to have reacted in a similar manner 
to instructions emphasising accuracy over speed as subjects in.the 
first experiment, that is by responding with longer solution times with 
a significantly different distribution of variation over independent 
variables than observed when subjects are instructed to work to limits 
of speed and accuracy.
Considering the group differences observed within this general effect 
in the first experiment, the expected resemblances of subjects in the 
present experiment to the distribution of variation in responses within 
these groups, i.e., to the British groups of experiment one subjects, 
is not observed. This may lead one to the speculative hypothesis that 
between group differences within the first experiment could be assoc­
iated with the differences in proportion of spontaneous verbal commen- 
during problem solving. This hypothesis is not tested in the 
present study because of the practical difficulties involved in further 
observation of similar cross-cultural groups and because the main dev- 
of t^e research is concerned with the general across—groups 
differences in problem solving behaviour under conditions which do 
not stress speed, although there are interesting between-group differ­
ences that merit further investigation.
Whilst recognising the limitations of the data analysis, the experimental 
results indicate that in conditions where accuracy is emphasised over 
time in the problem solving instructions, subjects have a highly indiv­
idualised pattern of responses made up of three main categories, the 
processing of information simultaneously with the reading of the problem, 
followed by an immediate answer, ('a'), one verbal repetition of the 
ordering of the problem elements, ('b'), more than one verbal repetition
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of the ordering of the elements of the problem, a pause before the 
answer is presented, or rechecking of the answer once it has been 
given, ('c' and 'd'). Most subjects (6 out of 8) have a predominance 
of 's' snd 'b ' responses but each subject has his or her own pattern 
of responses, indicating that the longer latencies are more related 
to placement in the series than complexity of problem structure.
There is some indication that subjects may be grouped into those who have 
more runs of protocols, predominantly of the 'a' and 'b' types and few 
transitions between the two groups (i.e., *a* and 'b' as distinct from 
'c' and 'd') of protocols, and those who have the number of runs more 
evenly distributed between the two groups and also have more trans­
itions between the two. • Within this grouping, however, the individual 
style of response pattern is apparent.
The nature of the processes associated with the different protocols 
is less than clear. One must consider the possibility that the 'a' 
and 'b' protocols which seem to involve less checking of problem element 
ordering than the 'o' and *d' protocols, give solution times that are 
more in keeping with the documented problem solving models but the 
limited 'span of effort' in high concentration problem solving induced 
by emphasis on accuracy leads to a repetition or a change in strategy 
associated with protocols 'o' and 'd'.
On the other hand, one must consider that the different processes 
related to the 'a', 'b', 'o' and 'd' protocols are related to variation 
in problem solving strategy giving rise to differential solution times 
rather than the repetition of orderings based on a constant strategy. 
There is also the possibility that the same subjects are using a variety 
of strategies in the solution of one problem.
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Whilst the true situation could well be a combination of these 
factors and elusive to differential observation, some aspects of 
these problem solving processes may be amenable to observation and 
analysis. The next section of this study will describe an attempt 
to make such observations, by trying to assess the extent to which the 
observation of 'checking operations' in the present experiment may 
account for the deviation of the subjects from the problem solving models 
identified in other researches, when under instruction to stress 
accuracy over speed.
In summary, whilst subject variation in solution times can be ex­
plained at a significant level by apparent differentiation in the 
number of orderings of the problem items, one needs to investigate 
if this is the only change in behaviour when the experimental in­
structions stress accuracy over speed rather than the usual working 
to the limits of speed and accuracy. There are some contradictory 
indications in the present experiment; on the one hand the combined 
'a' and 'b' responses from all the subjects give a better fit of data 
to the previously described problem solving models than the complete 
data containing all the protocol types, but, on the other hand, indiv­
idual subject data which consists of predominantly 'a' and 'b' res­
ponses do not afford a better fit to the problem solving models than 
the data of other subjects whose responses have proportionately more 
'o' and 'd' responses in them.
The next experiment, therefore, attempts to investigate the extent to 
which apparent repetition in the ordering of problem items masks 
previously described models of problem solving.
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THE THIRD EXPERIMENT
Introduction
This experiment is designed to investigate further the nature of 
subjects' problem solving strategies when instructed to stress 
accuracy over speed which results in observations which are at 
variance with problem solving behaviour when speed and accuracy 
are both stressed. The results of the previous experiment in­
dicate that some checking strategies in three term series problem 
solving under conditions of no time restraint are more prolonged 
than others and that the length of the checking operation is un­
related to complexity of problem structure but to placement in 
series; each subject displayed a characteristic pattern of res­
ponses which could be roughly categorised into 'high concentration' 
patterns with seemingly fewer repetitions of the ordering of 
problem elements unrelated to complexity of structure, and others 
which divide responses more evenly between repeated orderings and 
up to one reordering of problem elements. The results, however, 
give no indication of the nature of these prolonged responses, which 
could involve a repetition of the original strategy, that is the 
strategy used in the first ordering, or a new approach to arriving 
at the solution. There was also no clear indication as to whether 
the prolonged responses unrelated to structure were actually 'mask­
ing' models of problem solving found in other researches, or, if 
this were not the case, if subjects were using a combination of 
the strategies already described or another, hitherto unidentified, 
model of problem solving.
The present experiment is, therefore, concerned with tihe following 
questions:
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1. When responses which appear to involve more than one repetition 
of the ordering of the problem elements are controlled, do the 
remaining responses provide a better data fit to the previously 
described problem solving models. If this were the case it 
would indicate that periodic checking behaviour is interfering 
with the identification of the problem solving behaviour observed 
when subjects are responding under conditions of speed restraint.
2. Do responses associated with repeated ordering of the problem 
elements have the same best fit of data to the various described 
problem solving models as those responses involving up to one 
reordering of the problem elements. If there were a similar 
best fit, this could be an indication that the checking oper­
ation involves the repetition of a similar strategy to that 
used in the first ordering and that subjects are tending not
to experiment with different strategies in the solution of a 
problem.
3. Can the response data, when subjects are instructed to stress 
accuracy over speed, be best explained by another model other 
than those already described which is more appropriate to the 
present experimental context. The models which have been pre­
viously described all involve the processing and storage, in 
some form, of the information contained in both premises. This 
is not necessary if the subject uses a more economical scanning 
strategy which the subject may have more opportunity to develop 
when not working within a restricted time limit.
4. Is the discrepancy in problem solving behaviour under differing 
instructional conditions associated with the use of strategies 
of both types, that is that involving the processing of both 
premises and that involving the separate processing of premises
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without the necessity of combining the information contained in 
each. The predictions based on the latter model, which is 
presently described, in some instances are contradictory to the 
models which have already been described. If both of these 
strategies are being employed by subjects in the same series of 
problems the identification of a coherent trend in response 
patterns would be extremely difficult.
Before proceeding to describe the present experiment it is approp­
riate at this point to give an account of an alternative problem 
solving model based on the separate scanning of each problem which 
predicts some differences in responses to those predicted by the 
other models.
An alternative problem solving model
After several post-experimental discussions with subjects who took 
ps^ rt in the second experiment, there were suggestions that some of 
them might have used, for at least some of the solutions, a problem 
solving strategy which is much simpler than the others which have 
been described. Wason and Johnson-Laird (op.cit) and Wood (op.cit) 
have considered the possibility of strategy change in the solution 
of series problems and have suggested that some of the apparent 
differences in problem solving models arise from the differences 
in subjects' experience. As already observed in an earlier sec­
tion, little attention has been given to strategy change in the 
study of problem solving behaviour. The negative emphasis set 
by both Luchuns (1942) and Duncker (1945) seem to have set the 
tone for the view of strategy inflexibility.
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However, the problem solver may be forced to a strategy change as, 
as Hunter suggests: "He appreciates the problems' structural char­
acteristics," or when he faces constraints such as the fatigue in­
duced by repeated presentations of the problems.
All the problem solving models which have so far been considered 
appear to have assumed, in some sense of the term, a unified rep­
resentation of the elements which involves the processing of the 
terms in both premises. This assumption is explicit in both.the 
imagery-based and linguistic problem solving models, although 
Clark's linguistic model is less than clear about the nature of 
processes involved in a unified representation. There is a 
possibility, however, that, in some circumstances, most likely 
when the subject,, after some experience, has adopted a more mech­
anistic, economic approach to the problem, that they do not find 
it necessary to construct such a unified representation but adopt 
what might be termed a scanning strategy. Using this strategy the 
subject, after identifying the question to be answered, identifies 
a provisional answer from the first premise. When the provisional 
answer is secured, the subject scans only the two names in the 
second premise, at this stage not processing the comparative in­
formation contained in the premise. If the name which is in the 
provisional answer from the first premise does not recur in the 
second premise, it is immediately read off as the final answer 
without further processing of the premise.
For example, with the problem 'If A is taller than B, and C is shorter 
than B, who is the tallest?', the subject identifies the question - 
who is the tallest, processes the first premise and identifies A 
as the answer. Next the subject scans the names in the second premise
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There is no repetition of A in this premise so it is read off as the 
final answer. Similarly, if the final answer is the second element 
or term in the first premise, i.e. if the comparative term in the 
first premise is the opposite of that in the question, then the subject 
must engage in a more complicated processing of the information in 
order to make it possible to answer the question. This may be done 
by constructing an array of the terms or by linguistically processing 
the premise. In the problem *If B is shorter than A, and B is 
taller than C, who is the tallest?’, the first premise takes longer 
to process than 'A is bigger than B’, Vvlien, however, A is identified 
as the provisional answer, and a scanning of the terms in the second 
premise is carried out, the subject confirms A as the correct answer.
If the final answer is not found in the first premise, i.e. if scanning 
of the second premise finds a recurrance of the item which is the 
provisional answer from the first premise, then the second premise 
must receive more attention from the subject. One of two measures 
may be taken; the subject could follow the spatial or linguistic 
strategies described, abandoning the scanning strategy, or he may 
continue with a scanning strategy. In the latter case, the subject 
realises that in the problems presented that a recurrance of the 
answer obtained in premise one means that the other term is the final 
answer. The subject, after scanning the items in premise two and 
finding the answer selected from premise one, again scans the names 
in the second premise looking for the mis-match of the original answer 
with -the new term. If the first term is the mis-match, it is 
identified more quickly than if the subject has to continue to the 
second item.for the mis-match which will allow the identification of 
the final answer.
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It would be difficult to describe the precise operations involved 
in the processing of the premises since it is possible subjects are 
using either spatial or linguistic strategies or an amalgam of both.
The crux of this strategy is that it is mechanistic, processing, when 
necessary, each premise separately, without constructing a unified 
representation of the problem items. Since it is difficult to
identify and quantify precise processes, it makes fine description ' 
of such a model difficult, although approximate predictions of relative 
problem solution times, based on estimates of scanning procedures 
and processing of information required could be made. The nature 
of the question is vital to this model so that when comparison of 
predictions with those of another model is made, one must take into 
account the agreement or disagreement of the comparative term in the 
question and the first premise. The mechanistic approach involved 
in this strategy, particularly if the full strategy is involved, i,e. 
scanning only the items of the second premise without processing the 
comparative relationship involved, seems to indicate that a certain 
familiarity with the problems may have to be established before it is 
employed by subjects.
The prediction of problem difficulty associated with this model is 
based on the location of the answer; the easiest to solve would be 
those problems in which the answer is in the first item of the first 
premise. More difficult are those problems in which the answer is 
the second item of the first premise. More difficult than these are 
those in which the answer is the first item of the second premise and 
the most difficult is the problem in which the answer is the final item. 
Table 48 a gives some general indication of the scanning model and 
Table 48 b indicates predictions based on this model compared with the
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linguistic and spatial predictions. Many predictions are the same 
for both types of model but for different reasons.
If subjects are employing a scanning strategy, one would expect 
that only the terms it is necessary to encode will be available to 
the subject when asked to recall the terms, both names and compar­
ative terms, contained in both premises. This line of enquiry is 
included in the third experiment.
Aims
The present experiment, therefore, is concerned with trying to 
find the answers to the following questions:
a. When the 'c' and 'd' protocols (i.e., protocols related to re­
peated orderings of problem elements) in subjects' responses 
are controlled, do the remaining responses give a better data 
fit to the various problem solving models described in the 
literature.
b. When the response data associated with 'a' and 'b' protocols 
(i.e., protocols related to up to one repetition of the ordering 
of the problem elements) are compared with response data assoc­
iated with 'o' and 'd' protocols, is the same best fit of data 
to the various problem solving models observed.
c. Do subjects' total responses have a best fit of data to a 
'scanning' model of problem solving which does not involve the 
combination of information contained within the two problem 
premises,
d. Is there any indication in subjects' verbal responses that both 
types of strategy, characteristic of the differing problem sol­
ving models, are being utilised.
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Method
The method employed in the previous experiment, that of recording 
subject protocols, is again used in order to identify any prolonged 
checking, characteristic of 'c' and 'd' protocols. The experimenter 
has the same reservations about this technique which was described in 
the previous experiment but the protocols are treated as dependent 
variables and are not accepted as descriptions of underlying cognitive 
processes. It is difficult, however, to estimate the consistency of 
verbal commentary offered by the subjects but, even if it were con­
siderable, it must be remembered that there was a similar poor fit 
of data to the documented problem solving models in the first ex­
periment when the subjects were not required to give a verbal com­
mentary as in the second experiment when a commentary was required.
The method has been used again in this experiment in order to dis­
tinguish between responses associated with 'a' and 'b' protocols 
as distinct from 'c' and 'd' protocols.
Since the goodness of fit of the data of the various models have
been assessed in this research by multiple regression analysis, it
was considered desirable to extend the number of data points.
Kerlinger and Pedhazur (op.cit) have made the point that the larger
2
the sample the less the R statistic is liable to bias. Con­
sequently the number of problems presented to each subject has. 
been increased in the third experiment from thirty-two to ninety-six.
The longer series of problems were also presented to subjects in 
the hope that there would be in the responses of at least some of 
the subjects enough of the two groups of protocols to allow an 
effective comparison.
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The present experiment, like the previous one, has observed the in­
dividual responses of a small group of subjects, treating each sub­
ject's responses as a complete 'population' in itself. As previously 
discussed, the observation of a few subjects was preferred to the 
use of a larger sample involving the observation of group trends, 
because the experimenter considered that at the present stage of 
investigation a qualitative analysis of data, taking into account 
individual variation in performance, could contribute more to the 
provision of hypotheses whose limits would be appropriately tested 
by inferential statistics over large representative populations.
Procedure
Ninety-six three term series problems, based on thirty-two structures 
and three sets of comparative adjectives (height, weight and distance), 
were randomly selected and presented to five subjects. The presen­
tation, as in the previous experiments, was by slides on a projector 
activated by a light-sensitive switch. The tasks, as previously, 
were self-regulated and the subjects were instructed to: 
i. Solve the problems accurately. Whilst not spending more time 
on the solution than necessary, accuracy should not in any 
circumstances be sacrificed for speed; 
ii.. Read the problem aloud and give a verbal commentary whilst 
solving them.
In order to get some indication if, at least on some occasions, sub­
jects were employing a scanning strategy, each subject, on five oc­
casions during the presentation were asked if he or she could re­
member the contents of the problem that had just been answered, the 
prediction would be that the problems would not be totally recalled 
if a scanning strategy is used because the answer in the problem 
related to the probe question is an element in the first premise.
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making it unnecessary for the subject to read and process the second 
premise. Obviously the probe questions could not be presented in a 
direct way since this would alert the subject to the fact that they 
needed to remember the complete problem. The experimenter appeared 
to be trying to find the appropriate slide to insert into the pro­
jector and to be enlisting the help of the subject by asking for the 
content of the last question in order to identify the next slide.
The Subjects
The subjects, three women and two men, were mature student teachers 
with English as a first language, who had not previously taken part 
in this type of experiment.
Statement of Results
The results are summarised in Tables 49 to 58. Table 49 records each 
subject's solution times and protocols. The 'a' and 'b' protocols 
and 'o' and 'd' protocols were grouped. The 'a' and 'b' protocols are 
those indicating one or two orderings of the terms in the problem, and 
the 'o' and 'd' protocols indicate more repetitions of ordering.
Table 50 indicates the association between length of solution times and 
protocols observed. The indications, as in the previous experiment, 
are that 'o' and 'd* protocols are associated with longer reaction 
times. Table 51 records the fit of solution time data to the various 
models of problem solving. The general combined model based on both 
spatial and linguistic models has only one subject, subject 5, with a 
significantly good fit of the solution time data. The differential 
mixed, linguistic and spatial models described by Sternberg in all 
cases provide a better fit to the data than the combined model, although
there is considerable individual variation inthe model which presents 
the best fit of the data.
209.
Table 52 differentiates between solution times associated with 'a' 
and 'b* protocols and those associated with 'c' and 'd' protocols. 
Unfortunately, most subjects (2, 3 and 4) had too few 'c' and 'd' 
protocols to support statistical analysis. In fact subjects 2 and
4 had each only six 'o' and 'd' protocols so that a separate fit of 
data from problems with 'a' and 'b' protocols would not seem relevant 
here. A multiple regression analysis of problems associated with 
'a* and 'b' protocols presented by subject 3 provides a better fit
of the data to the problem solving models than when all reaction 
time data is analysed. The solution time data of subject 3 ('a* 
and b protocols) best fits the linguistic model; the same best 
fit is observed when all the problem data is analysed (Table 51).
It should be noted, however, that the values presented in Tables 
51 and 52 are not directly comparable because of the differences in 
the number of data points which effects the calculated value. 
However, it is permissible to compare goodness of fit based on the 
same number of data points to the various models. Subjects 1 and
5 offer a contrasting result; subject I's 'a* and 'b' protocol 
solution times best fit the linguistic model and, similarly, data 
associated with 'c' and 'd* protocols best fits the linguistic 
model, indicating that 'c' and 'd' protocol problems seem to involve 
a repetition of the same strategy. Subject 5, however, has a 
better fit of 'a' and 'b' protocol solution time data to the mixed 
model but the *c' and 'd' protocol problems appear to be solved 
predominantly by spatial strategies.
Table 53 records the fit of solution time data to the scanning model. 
Subject 3 is the only subject to present solution time data which best
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fits the scanning model. Only the positive problems were included 
in the analysis because of the indication of inconsistency of 
conversion strategies in relation to negative problems in 
experiment two.
Table 54 shows subjects' responses to the probe questions, testing 
memory of both problem premises. Failure to remember a question 
after solution may be accepted as an indication of the employment 
of scanning strategies since strategies based on the other models 
involve the storage of information from both premises.
Table 55 gives the mean solution time and variance for each subject 
on all problems. On inspection, the mean solution times of individual 
subjects are somewhat shorter than those observed in the previous 
experiment and more characteristic of performance, Trinidadian 
women apart, in the first experiment. One cannot reliably compare 
the scores of such small groups of subjects that are observed in 
experiments two and three but apart from the possibility of 
small group sampling differences, inspection of individual subject's 
mean responses over different stages of presentation (table 6^) 
indicate that for most subjects smaller means and variance in 
solution times are observed for problems presented sixtj’- fifth to 
ninety sixth in the series. This may indicate the development of a 
new strategy with a move away from the characteristic response patterns 
observed up to this point to a more uniformly adopted strategy 
indicated by the increasingly reduced meanc and variance of solution 
times over the later problems in the series.
Each of the five subjects reaction time data was fitted to the 
problem solving model based on the processing of both premises 
(combined model) and to the model involving an algorithmic approach
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to problem solution which does not necessitate the processing and 
storage of the contents of both premises (scanning model) (table 58). 
The fit of the data to the combined model was, for all subjects, 
better over the last thirtj^ ;- two problems than for the full series.
This may be due to the fact that for most subjects there is a 
relatively smaller proportion of observed ’c’ and 'd' protocols 
(table 57) to interfere with the more usually observed problem solving 
performance.
The combined model offers a better data fit than the scanning 
model although again there is a better fit of this model (i,e, 
scanning model) than when the total response data is analysed. It 
is interesting to note that the two subjects (2 and 4) who have 
a particularly poor fit of data to the combined model have, however, 
the best, if nonsignificant, fit of data to the combined model. It 
is possible, therefore, that some subjects are tending to develop 
away from the combined model towards the scanning model, although 
at this point the indications of this behaviour is extremely sli^t.
Discussion of Results
Sternberg's differential models, based on small modifications of the 
models described in earlier researches, provide a better fit of 
the data than the combined model. There are, however, individual 
differences as to which of these models offer the best fit of the data; 
in three cases it is the mixed model, in two cases the linguistic 
model, but only two subjects have statistically significant values 
— subjects 1 and 5* These results appear to emphasise the individuality 
of subject responses and the low values of R are an indication
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Table 48 a
The Scanning Model
NO
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XlB X
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\  answer
NO YES
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< question /
/Does \ 
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Convert
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This term 
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as in other 
models
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Table 48b
Comparison of the predicted order of solution times of Scanning 
Model and other models of problem solving
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1 Structure 
of problem
; Direction 
, of question
Scanning
Model
1 Other 
! Models
! ^
A C ! ^ * — a
1 b A > B  B> C ; <
i
* a i
a A <B C >B I c •X- — 1
b A < B B <C > a
!
a B <A C < B > * = a
b B <A B > C < * a a
a B >A C >B < * a
b B >A B <C > a a
a A > B  C < B > a a
b A < B  C > B < * b a
a A> B B >C > a a
b A <B B <C < b a
a A < B C > B < a a
b B < A  C < B > b a
a A < B B < C < * a a
b B <A B >C > b - a
a B >A C >B < * a b
b B <A C <B > b b
a B >A B <C < * a b
b B <A B> C > b
!
b
* predictions confirmed by statistical analysis (t test for 
correlated data). cf the fifth experiment
Table 4-9a
Subject 1 - Solution times and protocols
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Item
No.
Problem
Structure Question
ST P
secs
ST
secs
P ST
secs
p
1 B<A C < B < 8.25 cd 15.80 ab 18.60 ab
2 A < B B < C > 15.75 ab 18.00 cd 5.94 ab
3 A < B  C > B > 8.85 ab 7.26 ab 5.60 ab
4 B <A B> 0 > 27.75 cd 21.00 cd 6.90 ab
^  5 A < B  C:>B < 21.60 cd 11.91 cd 6.00 ab
6 A > B B > C < 55.16 cd 6 .6o ab 4.14 ab
7 A 4:B 3 4 0 > 60.00 cd 6.09 ab 7.41 ab
8 A:f B C4:B < 10.55 cd 16.68 ■ cd 52.26 cd
9 B-^A 04 B < 11.28 cd 12.84 cd 14.67 ab
10 A 4 B B 4 ^ < 55.69 ab 21.21 cd 8.82 ab
11 B i A  0 ? B > 12.15 ab 9.45 cd 8.61 ab
12 A <B B< C < 11.04 ab 9.60 ab 14.10 ab
15 B4A C4B > 11.61 ab 12.21 cd 8.76 ab
14 A » B  B i o < 29.94 cd 12.69 cd 11.04 ab
15 Bj/A < 9.51 ab 9.72 cd 7.14 ab
16 BfA B ^ C > 11.61 ab 12.51 cd 10.59 ab
17 A > B  C < B > 8.01 ab 11.04 cd 8.10 ab
18 B<A C < B > 12.18 ab 15.41 ab ^ 7.57 ab
19 B:^A B^C > 21.45 cd 18.81 cd 9.00 ab
20 B>A B<C < 6.27 ab 8.91 ab 6.00 ab
21 A >B 0 < B < 15.96 cd 6.00 ab 4.56 ab
22 B >A B < 0 > 17.91 cd 6.55 ab 5.99 ab
25 B <A B>C < 20.97 cd 5.94 ab 5.91 ab
24 B>A C>B < 6.21 ab 9.45 ab 6.06 ab
25 B 4 A B:|.C < 22.89 cd 17.79 cd 18.00 cd
26 B :^ A B<tC < 9.81 ab 9.00 ab 17.19 cd
27 A > B  B::f 0 > 26.97 cd 8.61 ab 9.00 ab
28 A f B  0 :VB > 8.22 ab 9.45 cd 24.06 cd
29 B > A  C > B > 17.94 cd 6.81 ab 5.94 ab
50 A > B  B > C > 5.70 ab 6.55 cd 5.18 ab
51 A f B  C ^ B < 11.67 ab 10.86 cd 10.26 cd
52 A>-B C ^ B > 8.28 ab 18.54 cd 5.94 ab
4^ ^  - negative equative premises
ab protocol - immediate answer after first reading or answer
after one verbal ordering of the items
cd protocol - pause between reading and answer or answer
after more than one verbal ordering
Table 49 b
Subject 2 - Solution times and protocols
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Item
No.
Problem
Structure
Question ST
secs
p ST
secs
P ST
secs
P
1 B <A C <B < 15.00 ab 14.40 cd 8.89 ab
2 A < B B < C > 17.55 ab 6.79 ab 5.75 ab
5 A C> B > 19.98 ab 5.91 ab 6.00 ab
4 B<A B>C > 12.50 ab 5.10 ab 2.45 ab
5 A<B C >B < 9.45 ab 6.00 ab 6.15 ab
6 A>B B>C < 14.25 ab 5.52 ab 14.91 cd
7 A^B B 4 C > 14.70 ab 6.00 ab 6.45 ab
8 A^B C4:B < 12.45 ab 10.80 ab 5.10 ab
9 B 4 A 0 4 B < 15.50 ab 11.10 ab 7.05 ab
10 A { B B 4 C < 4.50 ab 5.40 ab 12.00 ab
11 B:j-A C tB > 29.70 cd 8.94 ab 12.51 cd
12 A <B B < 0 < 8.55 . ab 6.00 ab 5.46 ab
13 B^A C4 B > 8.85 ab 7.92 ab 8.91 ab
14 A ^ B B t 0 < 9.50 ab 15.50 ab 4.86 ab
. 15 B^A 0 4 B < 16.71 cd 9.00 ab 6.00 ab
16 B^iA B:  ^C > 9.50 ab 6.45 ab 4.86 ab
17 A >B Cc B > 7.80 ab 8.19 ab 5.79 ab
18 B<A C<B > 9.00 ab 5.79 ab 6.09 ab
19 B4-A B4 C > 12.15 ab 8.94 ab 6.21 ab
20 B >A B< 0 < 11.25 ab 5.97 ab 5.97 ab
21 A >B C <B < 9.00 ab . 8.91 ab 4.55 ab
22 B >A B<C > 5.70 ab 8.79 ab 5.15 ab
25 B<A B>C < 4.50 ab 6.90 ab 4.55 ab
24 B >A C>B < 8.88 ab 5.97 ab 9.05 ab
25 B4 A B^C < 15.00 ab 6.69 ab 8.19 ab
26 B;^A B 4c < 6.00 ab 5.85 ab 6.00 ab
27 A:fB Blf^ C > 5.46 ab 6.00 ab 6.57 ab
28 A^B 0 :j>B > 12.00 ab 6.07 ab 9.00 ab
29 B>A C>B > 6.09 ab 6.75 ab 5.66 ab
50 A >B B>C > 6.65 ab 6.00 ab 5.59 ab
31 A 4 B C tB < 14.19 cd 9.05 ab 7.86 ab
52 A^B C ^B 2* 9.81 ab 6.09 ab 5.52 ab
-4 ^  - negative equative premises
ab protocol - immediate answer after first reading or answer
after one verbal ordering of the items
cd protocol - pause between reading and answer or answer
after more than one verbal ordering
Table 49c
Subject 3 - Solution times and protocols
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Item
No,
Problem 
S true ture Question
ST
secs
------ 1
p
-------------
ST P 
secs
ST
secs
P
1 B fA  C<B < 17.49 cd 17.40 cd 5.10 ab
2 A<B B<C > 10.95 ab 6.90 ab 4.55 ab
3 A<B 0 >B > 15.55 ab 6.50 ab 6.50 ab
4 B<A B> C > 10.47 ab 9.00 ab 4.55 ab
5 A<B C>B < 8.79 ab 7.05 ab 5.16 ab
6 A > B B > C < 9.79 ab 8.94 ab 4.44 ab
7 A4 B B4 C > 19.05 cd 19.20 ab 12.00 ab
8 A:f>B C4 B < 15.45 ab 9.69 ab 12.45 ab
9 B^A CjiB < 11.79 ab 20.91 cd 4.50 ab
10 A4B B fC < 12.00 ab 8.76 ab 15.47 ab
11 B#.A 0 > 11.91 ab 6.00 ab 4.86 ab
12 A<B B<C < 8.79 ab 8.54 ab 5.51 ab
13 B 4 A C 4 B > 6,96 ab 6.00 ab 17.70 cd
14 Aj/B B 4 C < 14.57 ab 5.94 ab 4.71 ab
15 B:j>A 0 j-B < 10.20 ab 20.10 cd 5.49 ab
16 B f  A B 4>0 :> 9.87 ab 9.21 ab 6.09 ab
17 A>B C<B > 10.89 ab 6.27 ab 5.61 ab
18 B<A C<B > 8.79 ab 6.00 ab 7.14 ab
19 B:f A B io > 12.51 ab 5.70 ab 6.00 ab
20 B >A B^ 0 < 8.61 ab 60,60 cd 4.68 ab
21 A >B C<B < 18.60 cd 11.10 ab 5.40 ab
22 B >A B< 0 > 6.56 ab 6.72 ab 6.57 ab
25 B<A B > 0 < 14.67 ab 4.55 ab 5.21 ab
24 B>A C>B < 14.85 ab 5.10 ab 7.11 ab
25 B<tA B^^C < 12.45 ab 11.85 ab 8.22 ab
26 B4 A B4 C < 8.04 ab 11.40 ab 5.75 ab
27 A4 B B^C > 9.50 ab 6.51 ab 5.94 ab
28 A 4 B C^B > 7.80 ab 11.61 ab 9.00 cd
29 B> A C>B > 5.67 ab 6.00 ab 6.00 ab
50 A>B B>’C > 7.20 ab 9.00 ab 5.94 ab
51 A 4 B Cj-B < 9.00 ab 18.50 cd 6.00 ab
52 A^B C4 B > 19.17 cd 9.96 ab 6.01 ab
^  ^  “ negative equative premises
ab protocol - immediate answer after first reading or answer
after one verbal ordering of the items
cd protocol - pause between reading and answer or answer
after more than one verbal ordering
Table 49'd
Subject 4 - Solution times and protocols
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Item
No.
Problem
Structure Question
ST F 
secs
ST P
secs
ST P
secs
1 B<A C<B < 19.05 ab 12.00 ab 6.90 ab
2 A < B B < C > 12.00 ab 35.10 cd 4.20 ab
3 A<B C>B > 14.76 ab 5.70 ab 5.25 ab
4 B<A B>C > 23.52 cd 6.00 ab 8.70 ab
5 A< B C>B < 22.59 cd 6.00 ab 7.86 ab.
6 A > B B > C < 12.50 ab 6.45 ab 5.25 ab
7 A4: B B4 C > 14.91 ab 10.05 ab 7.80 ab
8 A^ B 0 4 B < 21.00 cd 12.50 ab 12.00 ab
9 B4 A C 4 B < 14.04 ab 6.84 ab 8.10 ab
10 A tB  B t  C < 8.52 ab 5.94 ab 5.25 ab
11 Bi>A 0 :^B > 12.45 ab 12.00 ab 12.00 ab
12 A < B B < C < 25.71 ab 9.66 ab 8.70 ab
13 B«j:A C4:B > 8.10 ab 8.97 ab 4.51 ab
14 A ^ B B f C < 12.00 ab 6.00 ab 18.70 ab
15 C:fB < 6.27 ab 9.00 ab 5.71 ab
16 B^ A B^C > 12.27 ab 8.94 ab 6.50 ab
17 A > B C<B > 15.06 ab 4.45 ab 7.05 ab
18 B < A C < B > 9.00 ab 5.40 ab 6.71 ab
19 B^A B4 C > 17.40 cd 10.50 ab 8.15 ab
20 B>A B< C < 26.10 cd 8.70 ab 6.99 ab
21 A > B 0 < B < 8.70 ab 12.00 ab 5.67 ab
22 B >A B< 0 > 3.27 ab 6.90 ab 6.59 ab
23 B<A B>C < 9.00 ab 5.52 ab 7.59 ab
24 B > A 0 > B < 5.97 ab 5.00 ab 4.20 ab
25 B^zA Bj>C < 12.87 ab 6.00 ab 8.14 ab
26 B>A B ^ C < 9.00 ab 15.50 ab 9.25 ab
27 A ^ B B ^ C > 5.90 ab 5.66 ab 4.75 ab
28 A 4 B C:j,B > 7.17 ab 9.00 ab 6.95 ab
29 B>A C>B > 9.05 ab 10.29 ab 10.01 ab
30 A >B B> C > 6.09 ab 9.60 ab 6.97 ab
31 A4.B C:). B
< 12.18 ab 6.50 ab 7.00 ab
32 A :J.B C^B > 10.59 ab 6.50 ab 7.01 ab
^  ^  - negative equative premises
ab protocol - immediate answer after first reading or answer
after 6ne verbal ordering of the items
cd protocol - pause between reading and answer or answer
after more than one verbal ordering
Table ,49^
Subject 5 - Solution times and protocols
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Item
No.
Problem 
S true ture Questior
ST
secs
P ST
secs
P ST P 
secs
1 B<A C < B < 25.10 cd 14.40 ab 15.21 cd
2 A< B B< C > 16.15 ab 9.17 ab 10.14 ab
5 A < B  C>B > 15.00 ab 8.19 ab 9.17 ab
4 B < A  B>C > . 17.74 cd 9.20 ab 9.29 ab
5 A < B  C > B < 9.60 ab 15.20 ab 10.26 ab
6 A > B  B > C < 11.02 ab 17.21 cd 7.17 ab
7 A 4 B B 4 0 > 10,06 ab 16.33 ab 15.26 ab
8 A:^B C i B < 20.19 cd 9.41 ab 17.40 ab
9 B4:A C 4 B < 13.17 ab 16.22 ab 22.27 cd
10 A ^ B  B^C < 9.01 ab 15.19 ab 17.51 ab
11 B } A C i B > 11.07 ab 13.40 ab 15.41 cd
12 A < B B<C < 25.86 cd 11.52 ab 15.62 ab
13 B4 A 04 B > 7.25 ab 25.29 cd 25.07 ab
14 A } B B ^ C < 9.47 ab 15.20 ab 17.51 ab
15 Bj>A C ^ B < 7.29 ab 6.50 ab 8.26 ab
16 B^A > 13.44 ab 14.29 ab 16.57 cd
17 A > B 0 < B > 12.56 ab 13.15 ab 15.22 ab
18 B <A C< B > 8.33 ab 12.18 ab 14.20 ab
19 B A B4C > 20.51 cd 15.35 cd 17.25 ab
20 B >A B< C < 22.82 cd 10.29 ab 12.21 ab
21 A >B C c B < 27.24 cd 8.40 ab 10.75 ab
22 B > A  B < C > 4.10 ab 6.25 ab 8.07 ab
23 B < A  B > C < 8.50 ab 19.18 cd 21.53 ab
24 B > A  C > B < 8.19 ab 9.10 ab 11.41 ab
25 B4 A  Bj>C < 16.42 ab 15.20 cd 17.70 cd
26 B f A  B-j^ O < 13.30 ab 14.45 ab 16.17 cd
27 A ^ B  B4> C > 8.19 ab 9.12 ab 11.11 ab
28 A + B C4-B > 10.25 ab 9.30 ab 11.17 ab
29 B > A C > B > 7.30 ab 6.34 ab 8.01 ab
30 A >B B> 0 > 6.00 ab 9.32 ab 9.08 ab
31 A ^ B C :J.B < 11.40 ab 12.21 ab 14.77 cd
32 A:f>B C 4B > 13.35 ab 15.21 ab 15.28 cd
3(>- - negative equative premises
ab protocol - immediate answer after first reading or answer
after one verbal ordering of the items
cd protocol - pause between reading and answer or answer
after more than one verbal ordering
Table 5P
Frequency of Protocols
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Subject 1 Subject 2
a/b c/d a/b c/d
0 - 14.9 secs 55 15 0 - 14.9 secs 85 4
15 secs + 3 25 15 secs + 5 2
=  25.64
(significant at .01/ level)
Subject 3 Subject 4
a/b c/d a/b • c/d
0 - 14.9 secs 85 1 0 - 14.9 secs 86 0
15 secs + 2 10 15 secs + 4 6
Subject 5
a/b c/d
0 - 14,9 secs 62 1
15 secs + 14 19
= 41.14
(significant at .01/ level)
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Table 31-
Fit of solution time data to models of problem solving (R^)
Combined
Model
Mixed
Model
Linguistic
Model
Spatial
Model
Subject 1 .072 .124 .119 .091
Subject 2 .056 .074 .057 .059
Subject 5 .052 .053 .078 .066
Subject 4 .055 .076 .041 .047
Subject 5 .241 .252 .256 .253
Table 52.
Fit of solution time data of a/b and c/d protocols to models
2
of problem solving (R )
Combined Model 
a/b c/d
Mixed Model 
a/b c/d
Ling. Model 
a/b c/d
Spat, Model 
a/b c/d
Subject 1 .246 (58) @ .303 .109 .338 .128 .299 .014
Subject 2 ©
Subject 3 .095 ( ©  © .115 . .146 .087
Subject 4 (§) d)
Subject 5 .217 .201 @ .268 .343 .255 .349 .261 .462
The number encircled indicates number of data points in the analysis. 
It will be noted that some subject data are not appropriate for 
this analysis, (see text)
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Table 53
Fit of solution time data to the scanning model of problem
2
solving (positive problems only) (R )
Subject 1 .035
Subject 2 .062
Subject 3 .092
Subject 4 .002
Subject 5 .012
Table 54
Subjects' performances on discuised probe questions
Probe
Problem
Subject
1
Subject
2
Subject
3
Subject
4
Subject
5
1 / / v/ / yf
2 y X X X /
3 X X X / /
4 / / X / V 1
5 / / %/ 1
v/ = correct recall of all items and comparative terms of problem 
X = incorrect recall of all items and comparative terms of problem
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Table 55
Mean solution times and variance of individual subjects on 
all problems
Subject Mean (secs) Variance
1 12.93 81.11
2 8.46 17.37
3 9.75 46.32
4 9.67 29.32
5 13.05 23.00
Table 56
Mean solution times and variance of subjects at stages in 
problem series
Problem 1 to 32 Problem 33 to 64 I Problem 65 to 96
Subject Mean 1
(secs) 1 variance
Mean
(secs) 1 Variance
Mean
(secs) Variance
1 17.06 106.59 11.53 21.26 10.41 82.29
2 11.24 1
! 27.01 7.58 6.15 6.58 7.70
3 11.42 1 13.85 11.26 102.59 6.60 10.07
4 12.71 1 32.22 8.82 30.35 7.51 7.88
5 12.93 34.03 12.36 I 15.69 13.85 19.58
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Table 57
Distribution of 'c' and 'd* protocols observed throughout the 
problem series
Subject Problems 
1 to 32
Problems 
33 to 64
Problems 
65 to 96
1 15 18 5
2 3 1 2
3 4 5 2
4 5 1 0
5 7
- 8
Total 34 30 1
1 17
Table 58
Fit of data of individual subjects from responses to problems 
65 to 96 problem solving models.
A (combined processing of premises) and B (separate processing 
of premises)
Subject Model A (combined model) Model B (scanning model)
1 .265 .045
2 .105 .128 1
3 .235 .037
4 .083 .144
5 .518
1 .025 j
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that there is much variation in responses unaccounted for, even 
when these values reach a statistically significant level.
Some of the variation may be accounted for by uncontrolled variables 
such as the inconsistency of verbal commentary but there are indic­
ations in the subject data analysed in Table 52 that the elimination 
of 'c' and 'd' protocol responses from the analysis improves the fit 
of the data to the models.
This experiment, l ik e  the two previous ones, has produced resu lts  
in d ic a tin g  in d iv id u a l patterns o f performance both in  models o f 
problem solving used and patterns o f checking accuracy o f responses. 
Although there is  s t i l l  a lo t  o f unexplained variance in  subjects' 
solu tion  tim es, separating 'a ' and 'b ' protocols from ' c ' and 'd ' 
protocols does give a c leare r in d ic a tio n  o f what subjects are doing.
In this respect 'c' and 'd' protocols are 'masking' the main strat­
egies subjects are employing on solution times associated with 'a* 
and 'b' protocols.
The 'unmasking' of these responses is helpful to the extent that it 
permits investigation, where there are enough data points for analysis, 
of whether 'c' and 'd' protocols are associated with a repetition of 
strategies used on other problems or if different strategies are used. 
The indications are, on a very limited scale, that there are indiv­
idual differences; one subject (1) seemed to be repeating similar 
strategies in repeated ordering as on the other problems but subject 
5 appeared to be using different strategies. On the other hand, 
there is still the problem of finding a model of problem solving 
strategies that gives a good enough fit to the data that will, 
to a considerable extent, reduce the amount of unexplained variance.
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Although table 54 gives some indication that subjects on some 
occasions are behaving in a manner characteristic of the 
scanning strategy, there is much individual variation and no 
indication (table 53) that subjects are consistently adopting a
method of arriving at solutions based on the scanning model.
2
Subject 4 has the lowest R value for the scanning model as well
2as relatively low, non si,gnificant R values on the other models 
(table 51)* This subject is obviously not using any one of these 
differential models but is possibly using a variety of the 
unified representation models. There are indications in table 54 that 
subjects 4 and 5 perform well when asked to recall both 
problem premises, suggesting that they are both using strategies 
involving tho, processing of both premises rather than scanning 
techniques. On the other hand subject three has a poor performance 
on this task indicating a preoccupation with structure rather than 
content but, although this subject's data has the best fit to 
the scanning model, it gives a very poor account of how the subject 
is performing.
Eyen when there are observed changes in solution times and variance 
in the last section of the problem series (table 56), there is 
little improvement in the fit of response time data to either 
type of problem solving model.
Summary
The results of the experiment have presented the following indications;
1. Protocols containing repeated orderings of the problem elements 
appear to be masking subject responses which have a closer 
similarity to those observed in subjects instructed to speed and 
accuracy.,
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2, There are very limited indications of individual variation in 
the employment of the same or different strategies in responses 
containing repeated ordering of the problem elements and other 
responses.
3. There is no indication that subjects are employing a scanning 
model of problem solving, involving the separate processing 
of premises.
4* There are some limited indications that subjects, at least on 
some occasions, are using operations characteristic of the 
scanning model and uncharacteristic of other models which 
involve, in some form, the combination of the information 
given in both premises of the problem.
Conclusion
Increased experience of three term series problem solving does 
not result in the unequivocal adoption of an identifiable problem 
solving strategy and there is still much indication of individual 
response characteristics. There is little indication of a shift 
to a more mechanistic, formal strategy. The overall picture is that 
no strategy is used in strength and that there is an immense 
amount if unexplained variation in solution times. It may be that 
a more unified, consistent model is employed only after a more 
extended experience of problem solving.
The observations made in this experiment indicate the possibility 
that subjects are utilising a 'mixed* strategy approach to the 
solution of the problems, as if the problem solver is 'trying 
everything', - periodic checking, operations characteristic of 
previously described models and the occasional use of a more economical
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mechanistic approach.
The ind ications o f so many in d iv id u a l va ria tio n s  in  th is  thesis  
suggests th a t the underlying p r in c ip le  governing the problem solving  
processes involved has s t i l l  to be id e n t if ie d . The experimental 
condition o f no time l im i t ,  w ith the emphasis on accuracy, could 
w ell encourage strategy experim entation not encouraged by the c i r ­
cumstances o f other research. Because o f the s tra in  fa c to r involved  
in  the problem solving s itu a tio n  subjects a re , however, pressured 
in to  searching fo r  a more economical approach. One would expect, 
however, th a t a f te r  solving n in e ty -s ix  three term series problems 
th a t subjects would have acquired a more mechanical s tra tegy fo r  
reaching so lu tions. This does not seem to be the case although 
analysis o f the problems presented between s ix t y - f i f t h  and n in e ty -  
s ix th  in  the series showed some in d ic a tio n  o f a b e tte r  f i t  o f a l l  
subjects' data to  the combined problem solving model, which could be 
associated w ith  the reduced masking e f fe c t  o f 'o ' and 'd ' p ro toco ls . 
At the same tim e, fo r most sub jects, there was a m arginal improvement 
in  the f i t  o f data to  the scanning model.
The question to  be answered is ,  a t  what p o in t, i f  any, under the  
present experimental circumstance o f no time con stra in t do subjects  
adopt a model o f problem solving w ith  a more acceptable le v e l o f  
unexplained : variance. The fo llow ing  experiments (four 'a '  and ' b ' )
are attempts to fin d  evidence o f a consistent change in  s tra te g y . 
Since i t  is  possible th a t subjects are using a v a r ie ty  o f approaches, 
i t  was decided th a t , before proceeding in  the attempt to  id e n t ify  
the use o f a coherent problem solving model, i t  would be expedient 
to  look fo r  s p e c ific  ind ications o f operations c h a ra c te r is t ic  o f
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particular models which might be discuised in the attempt to fit 
data to a complete model.
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THE FOURTH EXPERIMENT (a and b)
The th ird  experiment fa i le d  to in d ica te  th a t subjects are con sis ten tly  
using problem solving models invo lving  e ith e r  the combination o f  
the inform ation in  both premises or the separate processing o f 
premises but there are some ind ications th a t subjects are using on 
d iffe re n t  occasions operations th a t are m utually exclusive to both.
The question to be considered now is ,  are d ifferences in  s tra te g ie s  
episodic or sequentia l, do they occur w ith  equal frequency throughout 
the problem series , or is  there a tendency to move from the pre­
dominant use o f one to the predominant use o f another. The fo llow ing  
two experiments are designed to observe any sequential changes in  
the coiCbined or separate processing o f premises and in  the reported  
conversion o f negative equative premises.
Experiment IVa deals w ith  a more systematic presentation o f the probe 
question than in  the previous experiment to  see i f  there is  any in ­
d ica tio n  th a t the sub jec t's  performance on these is  re la te d  to  the  
p o s itio n  o f presentation in  the problem series . I f  such a re la t io n ­
ship is  observed, i t  could be th a t subjects are adopting, in  the  
la te r  stages o f the se ries , a m echanistic, scanning approach ra th e r  
than one involving the processing o f  both problem premises. The 
probe question, which follow s a problem whose answer is  an item in  
the f i r s t  premise, asks subjects to repeat the premises o f the la s t  
presented problem, a f te r  i t  has been solved and the subject is  p re­
pared to go on to the next question. I f  the model necessita ting  
the combination o f the premises is  used one would expect th a t the  
subject would be able to  re c a ll  the contents o f both premises. I f  
a model l ik e  the scanning model is  being used, processing o f the  
second premise w i l l  not have taken place and the subject w i l l
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not have the contents o f both premises a va ilab le  to him when pre­
sented w ith  the probe question. I f  success on the probe question  
decreases over the series o f problems th is  is  taken as an in d ic a tio n  
th a t the subject is  u t i l is in g  a scanning strategy more as he gains 
in  problem solving experience.
Experiment IVb endeavours to study more system atica lly  the method 
o f conversion o f negative equative premises. There were ind ica tions  
in  subject protocols in  the second experiment th a t they might not 
always be consistent in  th e ir  use o f conversion s tra te g ie s  in  the  
solu tion  o f negative problems. I f  there is  inconsistency in  th is  
respect i t  is  important to in vestig a te  the nature o f i t ;  i f  there  
were random inconsistency, th is  would be more d i f f i c u l t  to  exp lain  
than i f  there were an i n i t i a l  inconsistency follow ed by the firm  
adoption o f one strategy or a progression from one stra tegy to  
another.
Experiment IVa 
Aim
To investigate the relationship between performance on probe question 
and position in problem series.
Method
Because o f the d i f f ic u l t y  o f presenting probe questions to  in d iv id u a l 
subjects over the series o f problems i t  was decided to  present each 
subject w ith  one probe question only in  the series and then to  compare 
performance across the group. Consequently, a la rg e r number o f  
subjects were involved than in  the la s t  two experiments so th a t the  
probe question could be presented a f te r  each o f the th ir ty -tw o  
problems w ith  minimal r is k  o f in te r fe r in g  w ith  the s tra te g ie s  being
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spontaneously employed by individual subjects*
The probe question is based on a method used by Wood(l969), in 
rather different circumstances, to test if subjects were using a 
memory based as opposed to a formal based strategy# If the former 
were used it was predicted that it would be easier to remember the 
irrelevant items in the premises.
Procedure
Thirty two subjects, mature student teachers not having previously 
taken part in this type of experiment, were presented with the basic 
thirty two three term series problems related to structure, 
direction of adjective and positive/negative premises and containing 
the height dimension as the comparative term. The probe question was 
presented at a different point in the series for each subject, from 
post problem one to post problem thiry two. No record was made of the 
subjects' solution times since it was felt that direct questioning 
by the experimenter about the content of the previous problem rather 
than the indirect method used in the previous experiment mi^t 
significantly change the problem solving context and consequently the 
strategies employed in solution after the point of presentation of the 
probe question.
The subjects were presented with the problems in random order on a 
screen. Presentation was self regulated and activated by a li^it 
sensitive switch. The subjects were instructed to solve the problems 
without unnecessary delay but to give priority to accuracy over speed. 
They were not asked to think aloud whilst solving the problems.
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Statement of Results
The results are presented in table 59 , It can be observed in table 
59 that performance on the probe question deteriorates markedly 
towards the end of the the series, although when responses are divided 
into successive groups of eight beginning in turn from the first 
and last items in the series, the analysis of the data by the 
Kolmogorov-Smimov test indicates that the cumulative frequencies 
of failed responses to the probe question is significantly different 
from a chance distribution at only the 10/ level (D=.214)* This result 
however, could be taken as an indication that subjects may be 
becoming less memory—dependent as they become more experienced in 
three term series problem solving. The interpretation, however, 
is still very tentative, not only because the low level of 
significance in the analysis of the data, but because there may be 
other possible explanations of the responses of the subjects. They 
could be, for example, simply suffering from fatigue - or boredom. 
Nevertheless this result can be taken as a baseline for more detailed 
observation.
Discussion of Results
There is some indication that subjects may be more frequently 
employing strategies towards the end of the series of problems rather 
than at the begginning which involve the separate processing of 
problem premises. The indications are, however, very slight and 
have only a low level of significance. This could be expected, 
however, over a range of thirty two problems since the fit of data 
to the scanning model from considerably more problems (ninety six) in 
the previous was still very poor. Therefore if there are indications 
that subjects are moving to the adpotion of scanning strategies, it
233.
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i t  is  l ik e ly  to be a t  a minimal le v e l over the present range o f 
problems. I t  is  necessary, th ere fo re , to  seek more corroborative  
evidence o f the observation o f a sequential change in  subjects' 
problem solving s tra te g ie s .
Experiment IVb 
Aim
To observe subjects' verbal commentaries during three term series  
problem solving in  re la t io n  to  the conversion o f negative equative  
premises, w ith  p a r t ic u la r  reference to the fo llow ing  questions:
1. Are there any ind ications th a t subjects may be processing the  
negative premises by both the method involving a change in  the  
re la t io n a l term and th a t invo lving  a change in  the placement o f  
terAs w ith in  the premise?
2. I f  both methods are ind icated  in  subjects' commentaries, are  
the . changes episodic or sequential in  nature?
Method
Subjects were asked to th in k  aloud w h ils t solving the problems but 
the main in te re s t  in  th e ir  responses was in  re la t io n  to  the t r e a t ­
ment o f negation in  premises. In  the second experiment sub jects ' 
commentaries ind icated  th a t there were two approaches to  the t r e a t ­
ment o f negative premises.
1. The reversa l o f the terms w ith in  the premises so th a t:  " I f  Jim
is  not shorter than Fred, and Fred is  not shorter than B i l l " ,  
becomes: "Fred is  shorter than Jim, and B i l l  is  shorter than
Fred."
2. The conversion o f the comparative term w ith in  the premises so 
th a t: " I f  Sam is  not sm aller than Tom and B ert is  not t a l l e r  than
Sam", becomes: "Sam is  t a l l e r  than Tom and B ert is  shorter
than Sam."
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The verbal commentaries o f subjects were categorised in to  a and b 
responses.
Procedure
Ten subjects, mature student teachers, seven men and three women, who 
had not previously taken p a rt in  th is  type o f experiment were pre­
sented w ith the sixteen negative problems from the series  o f t h i r t y -  
two presented in  experiment IVa. The subjects were ins tru cted  to  
give p r io r ity  to  accuracy over speed and to work out loud during  
the so lu tion  o f the problems. The method o f conversion from neg­
a tiv e  to p o s itiv e  premises was recorded but no so lu tion  times were 
recorded. The questions were assembled in  random order but a 
lim ite d  amount o f manipulation was necessary in  order to  ensure th a t  
the problem re la te d  to the probe question should be one in  which 
the answer item appears in  the f i r s t  premise.
Statement o f Results
The resu lts  are presented in  Table 60. Conversion method 'a ' in ­
volves the reversa l o f the premise terms and conversion method 'b ' 
involves the reversa l o f the comparative term. I t  is  not always the 
case th a t subjects fin d  i t  necessary to  convert both premises when, 
fo llow ing the conversion o f the f i r s t  premise, the comparative term in  
both premises are the same but there is  no record made o f these in ­
stances in  the re s u lts . I t  was noted, however, the occasions when 
the conversion o f the premises and a d is tin c tio n  was made between rep­
e t it io n s  using the same and those using an a lte rn a tiv e  method to  the  
o rig in a l one. Inspection o f the responses ind icates th a t the subjects  
are tending to adopt e ith e r  one or the other o f the 'a ' and 'b ' methods 
o f converting negative premises a t the beginning o f the problem series  
and, where there are d ifferences observed, they appear to  be
Table 60
Subjects' method of converting negative premises
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0 u b j e c t i
, : 1 2 ' 3 "1" 1 5 I ^ 7 8 9 10
Problem 1 b ' a a b b
1
i a ra a b b"*
2 b a a b b a a ra b b^
3 b a
n ra b b b^ a a a b^ b^
4 b^ a b b^ b a b a b^ b^
5 a a b b a b a b^ b^
6 b ra a b^ b^ a rba a b b^
7 b^ a b b b a b
ra b b
8 b b^^ b^ b^ b b a b^ b
9 ■ a" b b . b a b a b b
10 b a b^ b b b a b b
11 b a" b b b
^ra
b b^ b^ b^
12 b a . b^ b b b a b^ b
13 b^ a b ■ 1 b b I b^ b b^ b
14 b a b 1 b I b b b b^ b^
15 b
r
a b^ !
I
b 1 b"* 1 b 1
j
b b b . b
16 b a b I
1
b . b
1
b b 1 b b^ b
a = conversion of premise terms 
b = conversion of comparative term 
r = repetition using same method
r , r = repetition using different method
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in the direction from 'a' to 'b' (subjects 3, 6, 7 and 8).
Discussion o f Results
The impression given by subject protocols in  the second experiment, 
th a t there was inconsistency in  dealing w ith  the conversion o f 
negative premises was only p a r t ia l ly  confirmed by the observations  
made w ith in  the present experiment. The greater consistency in  
th is  experiment could, however, be re la te d  to the fa c t  th a t a l l  the  
problems contained negative equative premises, encouraging the  
development o f a consistent s tra teg y . Although stra tegy may have 
been e ffected  by the re s tr ic te d  nature o f the problem character­
is t ic s  there are ind ications th a t when change occurs i t  seems to  
be u n i-d ire c tio n a l ra th er than episodic.
The association between number o f problem variab les  w ith in  a series  
and observed problem solving behaviour
Before proceeding to observe the e ffe c ts  on problem solving behaviour 
of increased experience, i t  is  necessary to  consider the possible  
e ffe c ts  o f the number o f problem ch a ra c te ris tics  w ith in  a problem 
series on subjects* response times; are there changes in  response 
times th a t are associated w ith  the v a r ia t io n  in  the number o f problem 
c h a ra c te ris tics  included in  the series observed in  th is  study?
In  the various experiments which have been carried  out there has been 
v a ria tio n  in  the number o f comparative terms and the inc lus ion  and 
exclusion o f negative premises. Examination o f the 'le a rn in g  curve' 
data in  the f i r s t  experiment, containing problems w ith  two d if fe r e n t  
comparative terms and both negative and p o s itiv e  premises, gives no 
in d ic a tio n  o f a trend to a more consistent range o f response means 
and variance. An inspection o f the in d iv id u a l data o f the subsequent
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experiments,, containing a variety ofindependent variables relating 
to problem characteristics, whilst displaying a similar poor fit of 
data to the hypothesised problem solving models may indicate 
strategy change at varying points in the series.
Table 61 compares individual subject’s mean solution times and 
variance across experiments, over thirty two problems. The problem 
variables in the experiments vary in the following manner;
1. First Exneriment negative and positive problems,
' . two comparative terms,
2. Second itcperiment negative and positive problems,
one comparative term,
3. Third Experiment negative and positive problems,
, . • three comparative terms.
The data from the first experiment used in the comparison is the 
individual data of sixteen British men. Unfortunately, the solution 
times of subjects in experiment IVb who were solving only negative 
problems were not recorded, leaving the comparison of all the 
variables incomplete,
A comparison of the data indicates that, whilst there are obvious 
differences in reaction time which may accounted for by the differing 
instructions relating to working aloud when solving the problems and 
sampling errors involved in comparing responses across such small 
groups of subjects (experiments tv/o and three), the indications are that 
all the experimental groups have a similar lack of trend which could 
be associated with sequential strategy change. The data compares 
the distribution of individual responses over groupings of ei^t 
problems within each experiment. When the data within each grouping 
was compared there was a failure within all experiments to establish 
the presence of a trend by the calculation of F ratios.
Mean solution times and variance of individual subjects on th ir ty  tiro 239 
problems across experiments.
a) First Experiment
Problems 1-12 65^72 73-96
subject M V , il V M Y M V
secs. secs. secs. secs. secs. secs. secs. secs.
1 12.30 16.83 12.99 3.36 12.06 14.79 10.40 6.84
2 10.75 12.05 10.17 9.41 12.16 7.60 13.69 19.22
3 12.88 30.76 11.06 12.38 12.42 10.71 11.99 13.36
' 4 13.16 16.23 10.97 12.97 10.74 4.79 12.72 27.93
5 13.09 ,17.98 12.33 27.33 11.04 6.66 14.64 33.99
6 16.72 3.63 13.23 34.31 10.32 4.82 10.16 11.07
? 13.23 119.33 13.34 28.03 11.20 18.61- 11.01 9.73
8 16.11 28.68 12.03 6.98 16.32 34.69 9.31 7.39
9 14.10 ;18.60 12.72 4.70 16.30 30.77 11.74 23.89
10 12.47 i48.07 13.28 16.37 14.07 16.11 13.10 23.38
11 11.33 i20.66 16.24 34.27 12.27 48.78 12.26 12.93
12 12.99 13.71 11.06 7.73 16.61 73.76 13.64 26.36
 ^ 13 11.09 ,23.38 12.14 23.43 12.30 39t01 14.06 33.99
14 10.63 ;13.31 1364 14.30 13.07 13.92 14.16 49.48
15 11.69 16.79 8.84 13.02 9.29 1.23 13.63 23.14
16 10.04 17.76 9.39 7.11 11.36 7.74 14.19 19.72
1? 13.13 3.66 16.28 27.04 14.42 18.07 18.17 24.80
18 14.31 17.37 13.97 13.11 13.39 3.92 17.63 61.96
19 . 9.46- 13.07 12.17 10.26 14.97 33.88 14.11 32.09
20 10.72 11.18 10.33 8.63 14.1? 19.72 11.80 : 6.10
21 12.73 17.32 11.24 13.93 11.87 12.81 13.23 ! 9.42
22 10.98 3.41 12.30 30.30 10.49 14.13 14.67 16.17
23 10.23 19.22 14.32 30.83 12.12 23.41 10.69 ! 28.28
24 12.84 31.64 11.41 23.38 10.27 132.39 10.91 ! 15.42
25 11.94 22.62 12.21 33.36 19.14 163.23 9.46 4.32
26 12.33 11.67 10.96 7.01 12.19 139.23 11.08 30.18
27 14.36 31.03 9.33 1.36 10.02 112.73 11.68 18.13
. : 28 13.31 26.14 14.23 43.16 13.04 ! 4.69 10.33 .14.43
29 14.45 48.27 17.32 82.95 11.71 118.99 12.07 123.04
30 11.83 24.83 13.63 32.73 13.28 119.07 12.04 11.19
31 14.38 14.34 13.83 32.76 18.09 126.96 12.46 20.23
32 ' 16.77 28.33 17.81 19.84 18.37 '28.34 13.39 : 39.32
ib) Second Experirnent
Subject If V M V M V M V
1 17.61 ;■ 48.74 18.11 ' 24,33 16.71 312.33 13.18 39.41
2 29.49 609.41 31.29 416.83 17.92 213.90 17.03 80.61
.3 34.90 1316.30 45.26 . 1336.39 33.89 1336.39 13.94 39.73
, 4 17.82 22.83 19.36 34.11 13.6 3 . 33.16 11.83 39J2
5 16.83 33.02 16.74 21.73 12.11 16.29 18>13 437.22
.6 21.32 61.49 18.52 103.63 16.77 112.07 18.89 . 37.42
7 36.06 7#. 32 32.79 498.69 33.01 370.16 24.8? 108.31
8 38.94 1436.39 28.06 39.03 18.87 74.42 26.12 ■132.96
c) Third Experiment
Subject M V M V M V M V
1 23.46 310.01 16.33 92.66 13.62 40.24 13.94 60.11
2 14.46 10.60 12.33 61.14 8.39 3.73 9 .39 13.27
3 13.19 14.48 10.74 5.20 11.91 16.26 9.83 18.09,
4 17.32 21.19 12.42 33.87 11.81 34.07 9.10 6 .99
5 13.10 24.96 11.82 29.28 14.01 70.36 10.77 12.43
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Conclusion '
'fhere aire indications, associated with subjects* strategy related 
to the conversion of negative problems and their processing of the 
information in one or both premises, that subjects may be solving 
problems more consistently as the series progresses even thou^ 
previous anaysis of subject data has failed to identify any one 
predominant problem solving model in use.
Experiment 1 Va reinforces the view suggested in the third experiment 
that a variety of problem solving strategies are being used by the 
subjects but that they are individually progressing towards a coherent 
economical strategy that operates with a minimum of cognitive strain,
I^eriment IVb reinforces earlier indications of individual style in 
problem solving techniques, although again there are indications that 
subjects, when changing strategies, tend to move in a similar 
direction.
The indications of strategy change, as far as can be observed in a 
post hoc manner,does not appear to be related to the number of 
comparative terms contained within the problem series. The inclusion 
or exclusion of positive premises could have an effect on performance 
not observed across different numbers of comparative terms but the 
observations were not available for a post hoc comparison.
The question that now arises is, at what point in a problem series do 
these indicated strategy changes take place to the extent that the 
strategy being used is inequivocally identifiable. In other words, 
when is the transitional period when several different strategies 
may be masking each other at an end.
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The results of the third experiment show no clearly identifiable 
models adopted after the solution of ninety six problems, although 
there are some indications of reduction in mean reaction times and 
variance in the later presented problems. The next experiment, 
therfore is conbemed with the effect of extended experience of 
problem/solving on strategy and strategy change.
:
I
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THE FIFTH EXPERIMENT
In troduction
The previous experiments have resu lted  in  two major observations:
1. When instru cted  to  stress accuracy over speed in  problem so lu tio n ,
subjects generally  do not adhere to  any one o f the previously
described problem solving models.
2. Subjects d isplay w ith in  and between group v a r ia tio n  in  p e rfo r­
mance in  re la t io n  to ,
i .  the proportion o f v a r ia t io n  in  th e ir  response times which 
can be accounted fo r  by the independent variab les  o f the 
documented models o f three term series problem solving; 
i i .  the best f i t  o f response data to the various problem
solving models: the 'combined' model based on the common
pred ictions o f the s p a tia l and lin g u is t ic  theories o f 
De Soto, Huttenlocher and C lark; the d i f fe r e n t ia l  mixed, 
l in g u is t ic  and s p a tia l models proposed by Sternberg and 
the scanning model, more economic in  processing proced­
ures, described in  the th ird  experiment.
There has been some in d ic a tio n  th a t th is  marked v a r ia t io n  in  per­
formance may be associated w ith  in d iv id u a l d ifferences in  the use 
o f checking procedures, unrelated to  problem structure  (experiment 
two) and in  the use o f conversion techniques fo r negative equative  
premises (experiment four b ) .
However, there are some small ind ica tions  th a t subjects may be dev­
eloping towards a more coherent systematic strategy a f te r  more ex­
tended experience. Although there is  l i t t l e  in d ic a tio n  o f th is
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over the solution of sixty-four problems, (First experiment. Table 16, 
Figure 39), an inspection of data from the third experiment (Table 56) 
indicates some reduction in subjects' mean solution times over ninety- 
six problems, although it is at a non significant level. Further 
observation of subject responses in the fourth experiment suggests 
that changes in strategy in relation to the combined or separate 
processing of premises and the conversion of negative problems tend 
to be in the same direction, indicating that subjects may, with fur­
ther experience, adopt a more consistent approach which may be more 
easily identified with one of the described models.
Wood (op.cit) postulates three types of problem solving model; memory, 
focussing and scanning, and suggests a progression through them. 
However, he found an almost immediate departure from the memory 
strategy based on a spatial array of terms, after the first one or 
two problems. The focussing strategy, apparently based on linguistic 
reasoning, seems then to be used with little indication of progression 
to the scanning model. Wood's problems have many more than three 
items in the series so that the linguistic model would not involve 
a complete unified representation but it would not have the section- 
alised mechanical approach of the scanning model. The indications 
are then, both in Wood's work and the present study, that a consid­
erable experience of problem solving must be provided before the 
adoption of a scanning strategy.
The present study, however, has not demonstrated that subjects are 
initially adopting a spatial, memory oriented strategy quickly fol­
lowed by a linguistic strategy. It has been observed (second and 
third experiments) that checking procedures unrelated to problem 
structure and variation in the methods of converting negative
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premises are not masking the observation of such strategies. It has 
therefore been suggested that subjects are employing the described 
strategies interchangeably for an extended period, in the absence of 
time constraint, in an effort to achieve an economical and elegant 
model. This unstable employment of strategies, together with other 
intervening variables present when subjects are not working under a 
time limit, may well account, along with unsystematic checking and 
variation in negative conversions, for longer solution times than 
those observed in other studies and poor fit of data to the described 
problem solving models.
If this is a viable explanation of subjects' strategies, one would 
expect to observe a more coherent strategy emerging as the subjects 
work through the 'experimental stage', involving the employment of 
a variety of strategies. The present experiment is concerned with 
the identification of a predominant strategy when subjects have been 
given further experience of three term series problem solving.
It may be argued that the eventual strategy to be adopted will be 
the scanning strategy. There are two reasons for suggesting that 
the scanning model may be eventually adopted by subjects:
1. There are indications within a group of subjects (Experiment IVa) 
that they are not combining information from both premises as 
problem solving experience is increased; it is a characteristic 
of the scanning model that the information from the problem 
premises are processed separately and consequently, in some 
circumstances, only the first premise is processed;
2, The scanning models allows a reduction in effort because the 
processing demand is reduced and it may be, as Bruner argues.
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that the subject is seeking for ways in which to make a reduction 
in 'cognitive strain'.
If it were the case that subjects eventually attain such a scanning 
strategy this would be in keeping with Wood's predictions, although 
experimental instructions seem to be associated with an observed 
difference in subject behaviour in Wood's study and that observed in 
the present experiments.
Aim
To investigate changes in the fit of subjects' solution times to 
the various models of problem solving over an extended period of 
practice.
Procedure
Eight subjects, five men and three women mature student teachers were 
presented over one, approximately half hour, session on five consec­
utive days with thirty-two three term series problems (Table 62).
Whilst the structural characteristics of the problems were the same on 
each day, the names (one syllable men's names) and the comparative 
terms (height, weight, distance) varied. The problems were presented 
in random order on a screen activated by a light sensitive switch.
The presentation of the problems were self regulated by the subject.
Subjects were instructed to solve the problems, giving priority to 
accuracy over speed; they were not instructed to think aloud whilst 
problem solving, although spontaneous comments were not discouraged.
Statement of Results
The results of the experiment are summarised in Tables 62 to 64, and 
Table 48b.
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Tables 62a to e give subjects' soltuion times for problems over the 
five sessions.
Table 63 gives the mean and variance of each individual's performance 
on all problems during each session. The mean solution times are 
more similar to those observed in the previous experiments of this 
study than those observed in other researches, although direct com­
parison is hindered by variation in experimental instruction and in 
differences in the comparison of individual and group mean performances
Inspection of the data in Table 62 indicates a reduction in mean and 
variance of solution times in the last two sessions in comparison'with 
sessions one, two and three. There is a significant F ratio 
(F = 12.23, p < .01) and, although there is no overall trend across 
sessions indicated by Page's L trend test (L = 294), the comparison 
of means by the Scheffe method gave an S value of 2.77, indicating a 
significant difference between the means observed in session five and 
those in sessions one, two and three. Session four means are not 
significantly different from either the first three sessions or the 
last session.
Table 64 summarises the qualitative analysis of the data of individual 
subjects over the five sessions. Each individual's response data has 
been fitted to the scanning, mixed, linguistic and spatial problem 
solving models over each of the five problem solving sessions. The 
following observations were made:
1. Most subjects have an increasing best fit of response data to 
the problem solving models from the first to the last session. 
Subject 4 is the only complete exception to this observation.
The first two sessions yield data fits to the models at a non
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significant level but this situation is reversed over the sub­
sequent sessions.
2. There is individual variation in the rate of increase in the 
proportion of data that may be accounted for by the various 
problem solving models.
3. There is much individual variation between eubjects in the 
problem solving model giving the best account (albeit sometimes 
at a non significant level) of the variation in the solution 
time data.
4. Most subjects differ within their own performance in the best fit 
of data to the problem solving models across the five sessions. 
Only two subjects (5 and 8) have a constant best fit to the same 
model; subject 8 to the mixed model and subject 5 to the scan­
ning model.
5. Whilst there is much variation in models offering best data fit 
within sessions one, two and three, there is a observed preference 
for the mixed model in session four and the scanning model in 
session five.
6. Sessions four and five have much higher values of than those 
observed in previous experiments with the same number of data 
points. This means that there is a much better account given in 
these sessions of the variation in solution times than in either 
the earlier sessions or the previous experiments within this 
study.
Table 48b shows the extent of confirmation of predictions based upon 
the scanning model that the analysis of the solution times observed 
in session five has given. Subjects' solution times were compared 
on appropriate pairs of problems and subjected to a 't' test for
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correlated data. It should be noted that when the prediction is not 
statistically confirmed the difference in the data appears to be in 
'the right direction'.
Summary
Quantitative analysis of group data indicates:
1. A significant variation in mean solution times observed in session 
five in comparison with the first three sessions.
2. A confirmation of predicted differences in solution times based on 
the scanning model are obtained for response data recorded in 
session five.
A qualitative fit of solution time data indicates:
1. There is an increase in goodness of fit of response data to problem 
solving models over the sessions but the rate of increase varies in 
individual subjects.
2. There are no observed preferences for models in the first three 
sessions but the data from session four indicates a subject preference 
for the mixed model, whilst the data from session five indicates
a preference for the scanning model.
3. Only two subjects showed, a constant preference across sessions for 
the same model and only one subject had a continued poor fit of 
solution time data to the problem solving models across all sessions.
Discussion of Results
2
Comparison of the R values observed for subjects on the various models 
within the first two sessions of the present experiment with the 
British subject groups within experiment one (Tables 18 and 64) might 
lead one to expect a rather higher value of the statistic for subjects 
within the present experiment. A similar observation was made in 
relation to subjects' performance within the second experiment in 
which subjects were instructed to think aloud whilst solving the
Table 62a
Subjects’ solution times recorded in session one
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Problem Sub.l Sub. 2 Sub. 3 Sub.4 . Sub. 5 Sub. 6 Sub.7 Sub. 8 '
secs. secs. secs. secs. secs. secs. secs. secs. \
1 14.00 7.90 10.80 7.50' 18.50 11.17 18.66 9.70
2 10.20 8.03 10.39 13.00 14.36 9.81 14.36 13.20
3 19.60 16.37 9.66 6.05 8.79 9.92 8 .79 ii.oo
4 11.12 12.54 18.16 10.90 13.90 10.57 13.95 11.20
5 26.97 13.09 8.00 9.00 10.00 16.39 17.77 14.00
6 9.75 7.20 7.17 8.34 ■ 5.99 6.68 7.01 8.99
7 7.44 14.93 10.81 11.27 11:17 , 7.75 12.59 9.10
8 12.69 5.01 11.84 14.01 5.75 12.59 5 .75 6.04
9 22.50 20.89 8.81 11.39 10.70 4 .57 10.79 7.25
10 20.60 14.67 18.00 9.30 12.00 9.22 10.99 20.02
11 17.01 9.13 12.09 21.00 18.66 17.64 9.97 5.25
12 7.99 16.25 13.00 9.00 10.80 13.01 9 .53 17.63
13 ' 12.33 15.77 12.09 12.79 9.51 11.12 12.09 12.28
14 19.23 10.02 12.40 16.18 20.59 6.31 11.60 9.45
15 12.00 19.59 10.14 9.37 12.16 12.73 14.00 24.99
1 6 ’ -5.86 16. % 14774' 11.45 15:01 1&?3 4.72 14.92
17 10.99 9.17 11.79 9.04 5 .02 9.28 8.72 7.99
18 4 .07 8.03 8.00 9 .62^ 8.72 9.30 17.43 7.00
19 5.00 11.00 21.93 20.20 10.75 17.00 10.14 8.90
20 6 .99 22.47 14.00 9.85: 12.75 11.00 19.24 8.99
21 4 .99 7.76 19.16 25.63 19.60 13.40 14.31 14.60
22 20.59 8.10 9.00 20.59 10.99 8,72 11.54 10.99
23 9.60 10.00 10.78 14.80 11.54 12.66 20.30 7.40
24 6.45 17.50 13.12 10.27 20.30 20.30 7.39 12.72 ■
25 6.42 9.78 7.40 21.84 7.39 18.98 9.39 8.65
26 8.20 17.09 10.53 15.79 9.39 9 .99 7.00 10.81
27 14.14 8.00 9.03 9.43 7.00 9 .03 ij 10.71
14.07
28 13.10 6 .45 11.04 15.09 10.71 11.04 7.40 8.99,
29 10.93 10.60 12.76 14.40 7.40 12.76 8.21 7.90
30 9.89 18.68 11.26 10.98 8.20 12.71 21.22 .10.89
31 7.99 14.18 9.99 7.25 21.70 8.71 8 .19 13.01
32 4 .50 20.40
\
12.06 8.04 
. . .....I
8.19 17.14 25.00 8.92
Table 62b 250.
Subjects' solution times recorded in session two
Problem
--------- 1
1 Sub. 1 Sub.2 Sub. 3 Sub.4 Sub. 5 Sub. 6 Sub. 7 Sub. 8
, secs. secs. secs. secs. secs. secs. secs. SRCS.
1 ' 6.92 12.86 11.46 10.13 12.86 10.97 11.60 14.63
2 13.01 12.60 12.62 9.79 12.03 13.20 20.50 11.60
3 14.80 12.00 14.11 9.40 6.54 8.79 7.80 17.99
4 4 .79 13.00 12.90 17.09 12.84 13.95 7.20 6.80
5 12.61 20.34 15.93 14.25 7 .99 17.77 25.99 11.50
6 5.00 6.54 10.20 8.72 12.36 5.60 13.30 13.50
7 16.22 12.83 6.40 7.70 15.95 11.17 8.25 12.58
8 5.40 7.99 5.80 10.39 12.73 5.75 12.60 9.98
9 12.29 10.46 8.70 8.31 9.28 6.75 8.11 7.83
10 10.25 12.36 12.50 11.20 11.39 10.99 11.69 5.00
11 8.99 9.40 7.92 13.99 21.25 9.97 17.40 4.70
12 10.39 15.40 10.01 17.00 10.40 10.86 14.94 9.40
13 13.51 15.40 18.46 9.01 11.06' 9.53 19.99 6.10
14 10.12 12.50 29.00 12.28 14.01 20.59 9.12 17.40
15 14.92 12.70 10.40 12.53 10.60 14.00 5.78 7.00
16 5.54 14.70 17.39 18.20 9.00 15.03 6.04 6.56
17 10.50 9.28 7.13 7.99 11.26 7.74 6.14 5 .2 9 .
18 5.00 11.39 S.59 7.15 12.06 9.17 11.15 11.12
19 9.75 . 11.00 10.56 10.87 18.72 10.75 5.93 12.79
20 17.63 12.67 •17.00 13.00 11.45 10.14 10.20 10.97"
21 10.40 21.25 11.07 16.14 21.86 10.39 14.92 10.47
22 13.49 10.30 6.40 10.67 12.56 12.00 8.79 10.89
23 9.29 10.20 16.25 12.96 19.77 - 7.59 11.50 4.12
?J\- 2.44 10.46 19.40 17.50 16.93 7.99 6.14 4.10
; 25 20.80 10.03 12.39 15.15 18.00 9.92 4 .79 8.41
26 5.99 11.06 10.14 10.98 10.42 14.15 14.83 13.79
27 10.34 14.11 8.69 9.50 20.41 9.01 13.09 8.73
28 5.79 10.50 9.10 10.97 11.39 10.72 4 .78 13.44
29 8.72 5-11 8.20 12.75 14.03 9.70 3 .37 13.50
30 14.65 9.00 24.20 10.45 9.32 6.24 7.75 6.10
• 31 11.67 11.26 10.70 19.21 5.37 22.88 8.75 5.38
32 12.99 ,..9,,..59_13.80 9..,.13.„ 12.46 ; 12.07 I50i.,_. 5.10
Table 62c
Subjects' solution times recorded in session three
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Problem Sub. 1 Sub.2 Sub.3 Sub,4
f
Sub. 5 Sub. 6. Sub. 7 Sub. 8
secs. secs. secs. secs. secs. secs. secs. secs.
1 9.72 9.13 . 7.10 25.00 10.64 12.70 9.47 9.04
2 9.36 10.00 5.94 14.20 14.40 7.94 18.00 16.00
3 7.14 8.70 7.48 10.53 10.60 13.00 10.00 13.01 1
4 6.22 7.00 15.40 17.31 13.57 17.09 11.16 11.27 '
5 9.76 6.00 6 .45 14.10 18.00 14.35 6.60 7.31 1
6 10.20 5.00 15.64 12.10 13.13 10.17 6.80 5.99 j
7 9.13 7.19 10.28 14.80 7.40 1 17.30 12.02 12.66
8 11.40 9.30 7.15 8.62 11.54 13.99 10.40 7.92 I
9 7.12 20.14 7.92 9.34 12.60 12.28 10.15 10.01 1
10 13.13 12.00 11.14 12.49 9 .80 10.14 16.32 18.40 i
11 9.22 10.14 7.50 25.91 10.56 9.46 6,45 29.00 j
12 7.14 11.17 14.29 11.03 19.00 1^.56 4 .92 10.59 1
13 10.60 10.15 12.15 20.25 20.90 7.99 6 .30 11.09 :
14 9.14 15.17 8.75 19.16 11.60 10.46 16.78 7.99
15 12.13 16.19 14.55 8.79 10.01 12.84 13.14 13.01 '
16 13.96 10.14 8.11 16.51 6.90 14.74 10.13 10.52 :
17 7.11 6.17 14.99 10.87 9.20 11.39 11.20 12.49
18 8.14 7.14 7.03 16.69 20.20 8.00 9.11 19.50
19 9.12 5.14 11.83 10.87 13.90 17.00 5.10 7.20
20 8.02 7.14 17.40 20.90 6.60 11.00 4.90 7.12
1 21 7.36 8.19 14.03 19.07 11.80 21.00 7.20 21.74
I 22 11.14 12.62 15.00 20.00 4.21 10.40 12.70 16.00
23 13.20 13.14 6.99 16.16 5.37 10.04 6.72 ?.00
24 10.66 9.62 4 .07 10.61 13.90 17.60 11.60 6.90
25 16.13 19.99 13.52 20.69 7.00 12.79 9.43 25.63
26 15.07 17.54 4.20 17.00 15.00 ■ 14.11 6.96 5 .60
27 13.16 14.52 9.60 8.76 9.13 9 .37 7.40 28.80 •
28 9.71 13.67 4 .25 24.00 3.92 16.00 5 .14 17.40
29 8.51 11.42 8.90 14.40 4.11 10.78 19.30 8.97
30 9.47 8.65 8.90 14.20 12.19 8.52 4.44 6.38
31 14.12 15.37 29.34 15.70 20.20 9.99 11.29 18.00
1 32 16.76 14.41 20.60 19.60 20.15 13.39 16.25 18.70 !
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Table 62d
Subjects' solution times recorded in session four
Problem ! Sub.lj
!
Sub. 2
r......
Sub. 3
'— -.— ■' -- --
Sub.4 I Sub.5 Sub.6 jSub. 7 Sub. 8
; secs. ! secs. secs. secs. secs. secs. secs. secs.
1 7.45 ; 8.14 8.12 5.40 9.31 8.16 7.12 7.80
2 10.11 ■ 11.22 8.40 19.20 15.06 8.17 8.20 10.72
3 R .99 7.34 5.14 13.84 8.89 6.14 6.14 7.50
4 6 .99 9.44 4.90 22.01 25.00 5.16 5.00 10.63 :
5 6.45 7.41 7.76 11.75 32.60 8.16 6.76 8.02 :
6 9.02 11.42 8.28 8.70 20.64 10.01 7.28 10.97 j
7 0.77 10.01 7.23 7.13 15.14 9.97 6.23 10.01
8 9.75 12.02 9.46 3.14 4.90 11.57 9.26 11.97
9 8.02 7.99 4.72 8.19 16.00 8.12 5.72 8.42
10 11.02 14.93 11.22 9.46 19.90 15.13 10.22 15.22 1
11 10.70 9.97 7.25 8.01 12.61 10.22 8.37 11.22 1
12 6.92 8.99 5.32 10,42 10.23 9.14 5.32 9.63 1
13 10.01 11.23 12.70 10.44 8.90 11.57 11.70 12.00 i
1 14 10.11 10.03 8.44 9.01 6.40 9.13 7.43 9.42 1
j 15 12.00 15.00 10.13 11.03 6.18 14.14 9.55 16.03 j
1 16 11.66 15.43 11.96 5.21 8.21 15.06 9.94 15.11 1
17 6.42 9.37 4.11 20.31 6.03 8.88 4.42 11.36 !
18 8.93 8.02 6.22 6.95 11.48 8.17 4.93 8.02 j
19 8.80 10.20 7.32 10.52 12.52 9.49 6 .99 11.00 i
. 20 8.02 9.22 6.41 19.6c 5.41 8.43 5.30 9.97  i
1 21 8.01 8.03 6.60 15.14 4 .55 6.16 5.74 9 .00 i
1 22 9.30 13.14 9.25 21.14 11.10 12.14 7.25 14.00
23 8.99 15.22 11.44 7.14 10.32 14.19 8.36 13.27
24 7.00 11.03 8.65 6.2c 10.90 11.77 7.80 12.01
25 12.11 14.04 14.45 13.16 14.47 13.14 12.50 14.77
26 12.55 14.33 13.01 3.14 -'6.11 14.13 11.01 14.83
27 11.99 12.04 11.44 6.52 5.16 13.19 •' 10.25 15.16
28 11.20 11.96 8.42 8.3c 7.00 10.71 . 9.01 11.11
29 8.00 9.32 6.45 9.12 7.00 8.31 7 .99 10.42
30 7.50 10.00 7.44 9 .9s 10.61 9.37 4 .63 9.66
31 10.90 13.16 12.40 13.6f 7.19 12.11 9.77 14.44
32
_____
12.80 14.99 14.47 10.1C 10.10 15.11 10.20 14.72
Table 62 e
Subjects* solution times recp.rded in session five
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Problem Sub.l Sub. 2 Sub. 5 Sub. 4 Sub. 5 Sub. 6 j
, — -— 1 
Sub. 7 Sub. 8 I
secs secs secs secs secs secs secs secs i
1 6,10 6.00 8.09 1.71 5.99 5.87 7.99
1
8.46
2 8.20 ; 9.37 10.18 9.42 8.00 7.99 10.32 9.32
3 7.30 7.20 9.25 11.68 6.99 7.03 9.17 9.00
4 5.00 4.57 6.99 19.41 5.01 4.99 7.03 7.44
5 4.76 5.62 6.70 3.62 4.17 3.15 6.53 5.33
6 7.29 7.99 9.00 7.77 8.25 8.37 8.75 8.50
7 6.29 7.60 8.19 9.38 7.25 7.32 8.23 8.66
8 7.26 5.50 9.20 11.01 5.19 5.15 9.78 10.60
9 7.72 6.01 8.00 11.02 7.75 7.39 7.99 8.44
10 9.22 19.36 11.20 3.22 9.36 9.21 11.66 14.36
11 8.61 14.79 10.49 7.23 5.21 5.19 10.66 12.11
12 5.32 3.99 7.29 8.76 4.17 4.17 6.97 1.22
15 10.77 8.21 9.27 5.41 8.19 8.15 9.77 10.36 j
1 -4 7.43 5.01 9.39 9.36 5.25 5.15 10.01 1C.Cl i
! 15 9.56 6.79 11.25 4.11 6.63 8.52 11.77 10.32 ;
16 9.99 18.99 12.00 9.36 19.25 9.25 11.87
j
13.00
17 4.44 2.86 4.44 7.42 3.25 3.24 4.76 6.23
18 4.99 5.03 6.99 4.66 4.99 5.16 7.03 8.22
19 7.00 6.87 9.00 9.74 7.22 7.39 8.93 8.93
20 5.36 4.71 7.20 3.66 4.89 5.01 7.60 8.20
21 5.89 5.99 7.60 6.04 6.13 6.23 7.82 9.36
22 7.37 8.76 9.37 15.36 9.17 9.27 9.39 9.86
25 7.82 10.01 9.01 9.44 9.97 10.03 9.04 8.44
24 4.80 4.20 6.80 3.04 3.99 4.17 6.79 7.23
25 9.50 8.10 11.01 9.73 8.36 8.58 11.14 10.36
26 11.18 18.92 15.18 11.36 8.92 8.72 13.20 14.19
27 10.98 9.37 10.98 9.11 9.52 9.47 11.20 12.13
28 9.01 13.07 11.01 8.36 3.07 3.90 11.58 12.05
29 6.99 5.99 8.70 2.36 6.25 6,44 8.66 8.56
30 4.6$ 4.22 6.65 9.73 3.99 4.17 6.79 7.99
31 9.33 9.17 11.33 12.32 8.17 8.37 10.99 11.03
32 10.20 8.58 12.19 12.44 8.38 7.99 12.86 13.63
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TABLE 64
Fit of solution time data to the problem solving models (R )
Session one
-
Subject Scanning
Model
Mixed
Model
Linguistic
Model
Spatial
Model
1 .071 .014 .053 .053
2 _.073 .036 .063
3 .044 .064 .083 .062
4 .059 .072 .061 .071
5 .090 .019 .037 .040
6 .126 .063 .084 .089
7 .044 .150 .137 .193
8 .164 .174 .069 .048
Session two
’Subject Scanning
Model
Î
Mixed
Model
Linguistic
Model
j Spatial 
Model
1 .109 .015 .034 .125
2 .034 .155 .170 .235
3 .016 .082 .035 .080
4 .035 .005 .009 .010
. 5 .120 .117 .060 .065
6 .052 .097 .144 .069
7 .064 .133 .163 .103
8 .058 .120 .066 .089
TABLE 64 (continued)
Session three
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Subject Scanning
Model
1 Mixed 
Model
J Linguistic 
Model
Spatial
Model
1 .230 .385 .334 .293
2 .051 .345 .305 .365
3 .152 .077 .059 .105
4 .033 .015 .034 .064
5 .275 .167 .081 .091
6 .085 .076 .188 .084
7 .099 .107 .085 .093
8 .061 .219 .152 .140
Session four
Subject Scanning
Model
Mixed
Model
Linguistic
Model
Spatial
Model
1 .211 .764 .599 .589
2 .336 .462 .325 .315
3 .254 .541 .354 .333
4 .022 .058 .211 .204
5 .432 .131 .095 .089
6 .257 .397 .345 .337
7 .234 . 660 .455 .483
8
_
.280 .405 .344 .338
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Session five
Subject ScanningModel
Mixed
Model
Linguistic
Model
Spatial
Model
1 .874 .868 .557 .572
2 .600 .523 .306 .327
3 .785 .771 .492 .495
4 .003 .061 .047 .093
5 .633 .595 .143 .179
6 .801 .733 .154 .151
7 .773 .784 .544 .549
8 .768 .771 .560 .570
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problems. I t  was suggested th a t v e rb a lis a tio n  may account for the  
poorer f i t  o f subjects to the problem solving models. In  the present 
experiment subjects were not instructed  to work aloud but the poorer 
f i t  o f response data compared w ith th a t o f B r it is h  subject groups in  
the f i r s t  experiment may be accounted fo r by the fa c t th a t in  the 
present experiment subjects knew th at they would be problem solving  
during f iv e  d a ily  sessions and th is  may have a ffec ted  th e ir  p e rfo r­
mance in  so fa r  as they may be pacing th e ir  exp loration  o f a lte rn a tiv e  
s tra teg ies  according to the pos ition  o f the session in  the series .
This is ,  o f course, a te n ta tiv e  speculation which, together with the  
e f fe c t  o f v e rb a lis a tio n  on problem solving needs systematic in ves t­
ig a tio n . However, even i f  the pace o f s tra tegy development is  
a ffec ted  by these conditions one may observe in  the present exper­
iment the development o f predominant problem solving models.
Although the v a r ia tio n  in  in d iv id u a l responses is  s t i l l  evident in  
the re s u lts  o f th is  experiment, there are ind ications o f  some trends  
in  behaviour across subjects. A fte r i n i t i a l  v a r ia t io n  in  model 
preference most subjects appear to be fo llow ing  the mixed model by 
session four; by session f iv e  most subjects have changed to  the 
scanning model, although two subjects have not made the tra n s it io n .
One subject is  id io s y n c ra tic a lly  unimproved in  the f i t  o f response 
data to  the problem solving models and the f in a l  R values c a lc u l­
ated on th is  sub jec t's  session f iv e  response data s t i l l  resemble 
those o f a l l  subjects in  the f i r s t  two sessions. This sub jec t's  
improved f i t  o f response data to  the s p a tia l model in  session th re e , 
however, may be an in d ic a tio n  th a t his performance is  not s ta t ic  in  
some u n id e n tifie d  model.
The o v e ra ll p ic tu re  seems to  be o f subjects moving from a wide
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variation in performance, unrelated to one specific model to a more 
definite adoption of the mixed, linguistic and spatial model followed 
by the adoption of the mechanistic scanning model. The analysis of 
the fit of subjects' response data to the various problem solving 
models is in accord with the observed reduction in the mean and 
variance of subjects' solution times on all problems over succeeding 
sessions. The best and significant fit of response data to the 
scanning model in the fifth session is confirmed when the quantitative 
predictions are tested (Table 48b).
However, the reduced mean solution times observed in session four 
(8.12 to 11.51 seconds) and session five (6.72 to 9.67 seconds), when 
subjects appear to be using identifiable models of problem solving, 
still appear to be somewhat higher than those observed in other re­
searches. Direct comparison is, however, difficult on two counts; 
there is considerable variation in item numbers within problems as 
well as experimental instructions across researches, and the mean 
solution times recorded in other researches, as well as those in 
the first experiment of the present study, tend to be group means, 
across subjects on particular problem characteristics, whereas, in 
the present experiment, the recorded means are those of individual 
response times on all problems. In spite of these differences, 
there is still an overall indication that response times observed 
in sessions four and five are larger than those in other researches 
(Clark reports responses from 4.80 to 7.20 seconds). There is, 
however, some indication of reduction in response times across 
these two sessions.
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Conclusion
The resu lts  o f th is  experiment appear to have id e n t if ie d  the pos­
s ib i l i t y  o f a problem solving process associated with experimental 
ins tru ctions  which stress accuracy over speed which may provide an 
explanation o f the wide degree o f v a r ia tio n  in  performance and the 
apparent lack o f any id e n t if ia b le  g e n e ra lity  o f approach in  problem 
solving under these circumstances.
Subjects do eventually  show evidence in  th e ir  responses th a t they 
are adopting id e n t if ia b le  and consistent models of problem so lv ing . 
I n i t i a l l y  th is  model is  the mixed s p a tia l l in g u is t ic  model but 
a f te r  fu rth e r  problem solving experience seem to be predominantly 
using the scanning model based on the separate processing o f the 
premises.
In  other words, a f te r  what appears to be an experimental period o f  
using various s tra te g ie s , none o f which predominate, and complic­
ated by unsystematic checking, the subject moved to the use o f a 
predominant problem solving model involving the processing and 
combination o f inform ation from both premises. This is  follow ed  
by the adoption o f a mechanistic strategy which, economically, does 
not combine the inform ation from both premises.
I f  one considers the nature o f the subjects' instru ctions to  em­
phasise accuracy over speed given in  the experiments w ith in  th is  
study, i t  is  reasonable to  hypothesise th a t there is  more scope 
fo r  try in g  a v a r ie ty  o f s tra teg ies  then when speed is  emphasised 
along w ith  accuracy. One would, however, expect a subject to  
a tta in  a scanning model ra th er e a r l ie r  than one has observed in  
the present experiment.
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A possible explanation of this delay in developing a scanning 
strategy may be that the periodic extended checking procedures 
unrelated to problem structure observed in experiments two and 
three may serve, in effect, to relieve cognitive strain in the 
subject, to some extent, and consequently make the transition 
to a more economical model somewhat less urgent.
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GENERAL DISCUSSION AND CONCLUSION
This study has been concerned w ith problem solving behaviour carried  
out under less s tringent conditions than those normally used in  
experimental psychology, when subjects are required to  perform tasks  
w ith in  the shortest possible time or s p e c ific  time l im its  are imposed. 
I t  was considered th a t the high speed conditions usually  imposed on 
subjects was inappropriate fo r  the id e n t if ic a t io n  o f any general 
p rin c ip le s  o f problem solving app licable to  everyday l i f e .  At the  
same time i t  was acknowledged th a t there must be a degree o f contro l 
in  the experimental s itu a tio n  to allow fo r  a systematic analysis o f 
fin d in g s .
Although the nature of three term series problems appears somewhat 
a r t i f i c i a l  and unrelated to  re a l l i f e  experience, t ra n s it iv e  in fe r ­
ences are involved,, a t le a s t im p lic it ly ,  in  everyday l i f e  and there  
is  some in d ic a tio n  th a t many over-complex problems tend to  be reduced 
to  decisions involving t ra n s it iv e  re la tio n s h ip s . Such an example 
is  given by Sternberg (1980b) who described the manner in  which a 
customer in  a restaurant may choose his meal:
"The customer has n e ith er the time nor the patience to  
compare every possible p a ir  o f means and order the meal 
th a t is  preferred  to  every o ther. More ty p ic a lly  the  
customer w i l l  narrow down his or her preferences to  a 
few possible choices, assuming th a t  i f  the e lim inated  
choices are less des irab le  than the m inim ally acceptable  
choice, they are less desirab le than any other acceptable  
choice as w e ll. Next the customer might p ick one o f  the  
four sem ifinal choices as the f in a l  choice. Again the 
customer eschews making a l l  possib le paired comparisons, 
s ix  in  the casé o f four choices. Instead the customer 
assumes t r a n s i t iv i ty  o f preferences and in fe rs  th a t i f  
h is  or her f i r s t  choice is  p re ferred  to  the second choice 
i t  is  preferred  to  every other choice as w e ll ."  (p .120)
. . . . ?63.
Experimental design and analysis of data
The aim o f the f i r s t  experiment was to te s t  the g e n e ra lity  o f the 
hypothesised models o f three term series problem so lv ing . Previous 
researches made observations on which the models are based and th is  
experiment was designed to te s t  the lim its  o f the hypothesised s t r a t ­
egies . In  these circumstances i t  seems appropriate to  base exp eri­
mental observations on group means and tendencies and to  analyse 
observed responses by tes ts  o f cen tra l tendency, invo lv ing  the  
concept o f p ro b a b ility . This type o f analysis necessitates ex­
perim ental groups th a t are s u f f ic ie n t ly  la rg e  and representative  
to allow  i t s  v ia b i l i t y .
When the re s u lts  of th is  experiment challenged the g e n e ra lity  of 
the problem solving models, i t  then seemed more appropriate to  
observe the response behaviour o f in d iv id u a l subjects, tre a tin g  
each sub jec t's  response data as a separate population. This 
in d iv id u a l analysis shows to what extent subjects are each using 
the hypothesised models, in d ic a tin g  the degree o f m od ification  
needed to account fo r these new observations.
The analysis o f in d iv id u a l data is  based on q u a lita t iv e  model- 
f i t t i n g  approach which may be app ro pria te ly  used w ith in  small ex­
perim ental groups. This type o f model f i t t i n g  allows fo r  simple 
comparisons between subjects, although i t  w i l l  have been noticed  
th a t the experimenter is  apt to  reso rt to  p ro b a b ility  le v e ls  when 
in te rp re tin g  observations which are re la te d  to  the proportion o f . 
variance w ith in  response patterns which may be accounted fo r  by 
the independent variab les re la te d  to the various models.
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This type o f design and analysis has been adopted throughout the 
research a f te r  the g en era lity  o f the problem solving models was 
challenged in  the f i r s t  experiment. U ltim ate ly  the aim is  to  
achieve a new, more embracing, general hypothesis whose lim its  may, 
in  tu rn , be tested by large scale research y ie ld in g  observations  
th a t may be appropriate ly  analysed by in fe re n t ia l  s ta t is t ic s .
The experiments
In  the f i r s t  experiment, besides the removal o f time co n stra in ts , 
the subject sample was widened to  take account o f variab les  such 
as sex and c u ltu re . This was considered desirab le to  te s t  the 
^■PP^icability, over a more diverse population, o f the models o f term  
series problem solving id e n t if ie d  in  previous researches. In  the  
event, the re s u lts  not only showed no consistent d ifferences between 
the sex and c u ltu ra l ch a ra c te ris tics  o f subjects (although there are  
in te re s tin g  in te rac tions  between these facto rs) in  problem solving  
P®^fo^^3-nce but also fa ile d  to  confirm th a t d i f f ic u l t y  in . so lu tio n  
was re la te d  to  complexity o f problem s tru c tu re . Furthermore, on 
the analysis o f in d iv id u a l data a marked degree o f in d iv id u a lity  in  
response p a tte rn  was observed which seemed to  con trad ic t the presence 
o f a general p r in c ip le  or model o f three term séries problem solving  
which encompasses the conditions o f the present and former research.
In  other words, the g en era lity  o f the find ings o f previous research to  
less time constrained circumstances is  ca lled  in to  question.
The models o f problem solving described in  the l i te r a tu r e  are based 
on theories  o f varying types o f cognitive representation , s p a tia l ,  
ü ^ Ç u is tic  or a mixture o f both. The s p a tia l models o f De Soto and 
Huttenlocher have s im ila r performance predictions as the l in g u is t ic
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model of Clark. Sternberg, however, has modified these models and 
introduced a further mixed spatial-linguistic model which have dif­
ferences in predicted behaviour. The experimenter has not been 
concerned with the identification of the nature of the cognitive 
representation since the crucial differences in these various models 
appears to be not so much related to the nature of representation'- 
but to the manner in which the information from the premises is 
stored. The spatial models seemed to be based on the view that the 
problem items are combined in a unified array, whereas the linguistic 
models appear to be based on the assumption that the information from 
the items are stored separately. Both types of model assume that all 
the premises will be processed, whereas the scanning model which is 
described in this research does not assume the necessity of combining 
the information from both problem premises.
The results of the first experiment, when subjects were instructed to 
stress accuracy over speed, indicate that subjects are not following 
any of these models. There may be several possible explanations of 
this behaviour:
1. Subjects may be using a variety of strategies with conflicting 
performance predictions.
When the mean and variance of subjects' solution times over 
successive presentations of the problem were inspected, there 
were erratic changes observed from one presentation to another 
in an episodic rather than a sequential manner. Furthermore 
when individual subject data was fitted to the various problem 
solving models there was much variation across subjects in the 
best model fit. Although these data fits tended to be poor, 
this observation of variation in best model fits together with 
the erratic changes in mean and variance of solution times across
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successive presentation of the problems may be taken as an 
indication that subjects may be employing a variety of problem 
solving strategies.
2. Subjects may become bored or fatigued in the later stages of 
problem solving, taking longer over solution and thereby 
disguising response patterns related to problem complexity.
Analysis of data presented in the first half of the experiment 
showed a similar response pattern to that observed over the total 
experiment. Therefore if fatigue or boredom is affecting 
subjects' performance, it must be evenly distributed over both 
halves of the presentation.
3. Subjects may be responding to an experimenter effect rather than 
to the experimental instruction to stress accuracy over speed.
A supplementary experiment was designed to give direct comparison 
of subject performance when instructions stressed accuracy over 
speed and when speed and accuracy are both stressed. Subjects 
instructed to stress accuracy showed reaction times similar to 
those observed in the first experiment; subjects instructed to 
speed and accuracy displayed response patterns more typical of 
subjects in other researches. However, it was noted that even 
when subjects' performances more closely resembled those in 
previous researches, that there was considerable variation in 
individual response patterns.
4. Some groups may be following the described problem solving models 
but their responses have been 'lost' in group analysis.
Multiple regression analysis of individual data shows much vari­
ation in the proportion of variance which may be accounted for 
by the problem solving models. There are also group variations
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in the goodness of fit of data; the Trinidadian women have the 
best fit of data to the described problem solving models but also 
have solution times which are significantly longer than those of 
the subjects in the other groups. Trinidadian men have the poorest 
data fit, with British groups having more individual variation in 
the fit of response data to the problem solving models.
However, even taking into account the individual and group vari­
ations in performance, the fit of subject response times to the
problem solving models is poor and shows no general model perfor-
2
mance. Although some of the observed R values are at a statis­
tically significant level, all subjects have, at least, the same 
proportion of unexplained variation in their performance as the 
proportion that may be explained by the independent variables in 
the problem solving models. It would seem then that in spite 
of individual and group variation in performance, there is a 
generally observed poor fit of data to the problem solving models 
in comparison to the values observed by Sternberg (1980b) for 
subject data fitted to his mixed model, which tended to be in 
excess of .70.
5. The experimental context of no time constraint may be conducive 
to the interference of random intervening variables which would 
disguise the usual problem solving processes.
It may be that the feasibility of this type of research which has 
reduced constraints on the subject can be questioned. This ob­
jection is overcome if a demonstrable alternative model of problem 
solving under these circumstances can be identified.
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6. Subjects may be engaging in prolonged checking operations un­
related to complexity of problem structure but rather to position 
in the problem series.
This possibility is investigated in subsequent experiments.
7. Subjects may be employing an unidentified problem solving strategy
which is more appropriate to the experimental conditions.
The identification of an alternative model and strategy change 
is investigated in subsequent experiments.
Subsequent experiments emphasised the individual patterns of response, 
particularly in relation to the periodic checking of responses un­
related to the complexity of problem structure. The second exper­
iment indicated that subjects may be engaging in individual patterns 
of unsystematic checking which seems to be more related to position 
in series than problem complexity.
The third experiment gave some indication that, when checking res­
ponses are controlled, the goodness of fit to the usual problem models 
increases but not sufficiently to give an adequate account of subjects' 
problem solving behaviour. Individual variation was still the main 
characteristic of problem solving responses, even when the number of 
presented problems was increased. Although there is some minimal 
indication that mean solution times are decreasing towards the end of 
the series, the only general point of agreement across subjects seems 
to be a poor fit of response data to a proposed scanning model in- - 
volving separate processing of the premises with no integration of the 
information from each of them. Questioning subjects on the remembered 
content of premises, however, seems to indicate that, on at least some 
occasions, subjects are employing strategies characteristic of the 
scanning model.
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The fourth  experiment continued the in v e s tig a tio n , suggested by 
the observed decrease in  subject mean and variance o f so lution  times 
of the th ird  experiment, th a t some aspects of v a r ia t io n  in  problem 
solving performance may be sequential ra th e r than episodic and may 
eventually  be id e n t if ia b le  as a coherent, systematic s tra teg y .
This was te n ta tiv e ly  confirmed by considering subjects' performance 
which would be a ffec ted  by the method o f processing and storage 
re la te d  to  the problem premises. There were ind ications th a t  
subjects were performing b e tte r  early  in  the series on a memory 
task in d ic a tiv e  of the storage o f inform ation from both premises, 
implying the use of s tra teg ies  re la te d  to  the usual problem solving  
models, but subsequently they were performing less w e ll ,  in d ic a tin g  
the adoption o f s tra teg ies  re la te d  to  the scanning model. A s im ila r  
sequential change was observed in  some subjects in  re la t io n  to  the  
conversion of negative premises.
A fu rth e r  in ves tig a tio n  o f the p o s s ib ility  o f strategy development 
and change proved more f r u i t f u l .  A fte r  prolonged p ra c tic e  subjects  
in  the f i f t h  experiment showed evidence o f adopting responses f i t t in g  
the mixed problem solving model and subsequently proceeding to  the  
scanning model of problem solving, rendering a u n ifie d  cogn itive  
representation  of the premises unnecessary. I t  appears then th a t  a 
removal o f  time re s tr ic tio n s  in  the experimental term series  problem 
s itu a tio n  i n i t i a l l y  brings about much more in d iv id u a lity  o f response, 
possibly re la te d  to the sub jects ' increased opportunity to  search fo r  
a more adequate strategy than he would have under more re s tr ic te d  time 
conditions. In  other words, the subject may be experimenting w ith  
s tra te g ie s .
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The search for a strategy that would relieve the cognitive strain 
imposed by the solution of long chains of three term series problems 
seem to lead to an individual pattern of repetition of strategies on 
problems. This is almost analagous to the subject taking a ’breather’ 
when he needs it.This makes the necessity of quickly identifying 
and adopting a more economical problem solving model less pressing 
than one would expect when the subject is working in the unrelenting 
conditions of a time constraint. This explanation may account for 
the rather tardy transition to the scanning model (Experiment Five).
It seems then that the principles of problem solving behaviour 
identified under conditions of instruction, to speed and accuracy 
cannot be generalised, without reservation, to all problem solving 
involving series problems. This point emphasises the important 
association between problem solving conditions or context and problem 
solving behaviour which has tended to be overlooked in cognitive 
research, although Eysenck and Law (1982) have considered this problem, 
Domer (1977) talks of types of barrier to achieving problem solution 
and the sphere of reality related to the problem, but these features 
are inextricably linked with the nature of the problem rather than 
the environmental context in which the problem is presented.
Relationship of experimental observations to previous research 
Previous research on term series problems have resulted in a number 
of proposed problem solving models explaining the differential 
solution times relating to systematic changes in problem structure. 
Generally these models have hypothesised integrated'(linguistic) 
or separate (spatial) processing and storing of the terms contained , 
within the problem premises, or both types of storage, related to
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structural complexity (mixed spatial and linguistic).
The generalisability of problem solving models is not only related 
to their applicability to other families or groups of problems but 
also to their durability over a range of wider contextual situations. 
At the beginning of this study the experimenter envisaged that a 
widening of the context of the problem solving environment by 
a .change of experimental instructions and the identification of 
certain subject characteristics would result in either a confirmation 
of variance in solution times relating to structural variables as 
that observed in other research, or a new hierarchy of responses 
indicating an alternative problem solving strategy. When no consistent 
titerarchy was observed one had to consider the feasibility of 
removing the time constraint from experimental ins true tions since 
the lack of effectiveness of structural variables would seem to 
prevent the identification of mental processes involved in the 
transformation of information within the problems.
It may be argued that removing the constraint of speed from the 
experimental instructions results in too many uncontrolled 
variables interfering with on-going problem strategies to make 
their identification feasible. However, the experimenter concluded 
that it was worthwhile to persist in the investigation of problem 
solving under conditions of accuracy stressed over speed for the 
following reasons;
1. If the existing models are to be extended their wider application
must be observed.
2. There was some indication of individual and group differences 
in performance, that is some subjects appeared to be following
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the described models of problem solving to a greater extent 
than was apparent in the original group anaysis of the data. The 
task then was to ’unmask* the strategies by identifying and 
controlling other factors influencing performance under these 
conditions and identifying variance related to structure. In 
the event, the indications were that over a considerable series 
of problems these strategies were not stable.
5. Experience may have an effect on variance in response due to 
structural variables; the structurally undifferentiated 
responses in the problem solving series may be related to an 
initial exploratory stage, proceeding the adoption of a more 
stable problem solving model. The last experiment in the study 
does demonstrate the adoption of two sequential stable problem 
solving models.
The problem was essentially mothodological caused by the confounding 
of structural differentiation by other factors associated with the 
experimental instructions. Two measures were taken to try to deal with 
these difficulties; the first was the anlysis of individual data 
rather than group data so that no structural variation in performance 
would be overlooked, and the second, rather more debatable and 
more restrictively used measure, was the use of subject commentaries 
as a dependent variable. The latter measure was used basically 
as an indicator for the formation of further hypotheses.
The observations made in experiment five are important in relation 
to other research findings. Extensive practice was used as an : 
independent variable; these observations enable one to overview
responses \Aen sutjects aie instructed to stress aoonxacy over speed
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throughout an extended series of responses. The pattern of responses 
fall into three phases. Phase 1 (sessions 1,2 and 5) is similar 
to the responses observed in experiments one, two and three, which 
may be called the * exploratory phase*. There are indications that 
subjects are working to individualised patterns of responses which 
may indicate a 'fatigue* factor (experiment two). When this effect 
is controlled there are indications that subjects are generally 
adopting more consistently the usual stratedies but there are 
only limited indications that changes are in the same * direction*.
In other words, subjects appear to be adopting an unstable, * fluid* 
approach to problem solution which is reminiscent of laterality in 
thinking and which is not observed in other researches stressing 
both speed and accuracy: in problem solution.
Phase 11, which is based on data observed in session 4> resembles 
responses made in other researches in so far as solution times 
fit a 'mixed* problem solving model involving both complete (linguistic) 
and integrated (. spatial) processing of both problem premises, 
relative to differences in problem structure. Subjects in other . 
researches seem to embark immediately upon phase 11 problem 
solving strategies, whereas, in this research, under different 
experimental instructions, subjects embark on phase 11 strategies 
only after protracted problem solving experience.
Phase 111 is based on responses observed in session 5> when the 
best fit of response data fits a scanning model of problem solving 
when each premise is processed separately and, depending on the 
structure of the problem and the location of the element which is
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the correct answer, it is not always necessary to process both 
premises. This economical response pattern is not observed in other . 
researches, but this be be related to the amount of problem solving 
experience subjects have had. In experiment five of the present 
study subjects were given more extended experience than those in 
other researches.
It appears that the instruction to stress accuracy over speed has 
resulted in subjects within the present study engaging in a 'pre- 
stable* problem solving phase in which they seem to be experimenting 
with various strategies, although the present experiments do not 
demonstrate the precise selection mechanisms involved in the selection 
of the phase 11 model. It appears that initially, in phase 1, 
subjects are not treating the problems as a series and are probably 
considerably infl uenced by the observed individual patterns of 
solution times which the experimenter has hypothesised to be related 
to a 'fatigue* factor.
The analysis of individual data, as opposed to group data, has 
emphasised the variation in individual subject.,responses throughout 
this study. Notably in the supplementary experiment to experiment 
one, a similar indiduality of subject response was observed when 
instruction were to speed and accuracy to those observed when 
accuracy was stressed over speed, even though the performance of 
subjects in the former category was closely related to previously 
described group performances in other researches. As already discussed, 
is an important factorin initial generalisation and would seem vital 
in the identification of sound, widely applicable hypotheses, .......
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Further investigations
The observations made in this study may form the basis of hypotheses 
■whose limit can be tested by vide representative observation of 
problem solving responses# Whilst the main theme of the study has_ 
been the identification of strategy development and change in problem 
solving behaviour under experimental conditions emphasising 
accuracy over speed, there are two observations made which have 
been commented on but not-pursued by-the experiment and which merit 
more systematic investigation.
The first observation is that of the interaction of sex and cultural 
differences in the first experiment, where group differences in 
length of solution times and goodness of fit of data to the 
usual problem solving models were observed. W^ ien individual 7 
performances were analysed, there were indications that Trinidadian 
Women, who had significantly longer reaction times than the other 
groups, were providing a better fit of data to the usual problem 
solving models whilst Trinidadian Men had a much poorer fit of 
data to the models but shorter solution times. The British groups were 
similar in the fit of response data to the models, althou^ British 
Women were significantly quicker in the solution of positive problems.
Intuitively, the experimenter observed more overt anxiety in the 
Trinidadian groups than in the British groups. Interestingly, if 
this is so, it would seem to have produced sex differences in . _
response patterns: the Trinidsidian women seem less explorarory 
and inclined to use similar strategies over a longer reaction time 
whilst Trinidadian Men seem more exploratory over a shorter time.
This is not an effect observed in British groups so it is conceivable
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that it may he cultural in origin, possibly related to racial 
differences between the experimenter and subjects (Katz, Roberts 
and Robinson, I965), with sex differences related to a differential 
response of male and female subjects to a female experimenter.
If Trinidadian subjects were more anxious than British subjects 
about their performance, it would be necessary to identify a 
process that would explsdn the difference in both length and 
stability of strategy between the Trinidadian male and female 
subjects. Subsequent observation of the performance of British subjects 
in later experiments produced a poorer fit of data to the models than 
that observed in the first experiment. This has lead the experimenter 
to consider a possible association between verbalisation during 
problem solving and adherence to the described problem solving 
strategies, Althou^ subjects in the first experiment were not 
instructed to work aloud during problem solving, it is possible that 
there were group differences in spontaneous - verbalisation , associated 
with sex differences in Trinidadian subjects which could be a factor 
in the range of exploratory strategies employed in phase 1 problem 
solving.
The group difference, in performance relating to the interaction 
of sex and cultural factors was not investigated further in this study 
for two reasons; although there were observed differences in group 
responses, particularly in the group of Trinidadian Women, there 
was an overall difference between the response patterns observed in 
experiment one and all previous experimental observations which 
was the main focus of the study and the availability of further . 
across culture and sex observations proved an insurmountable problem.
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The other, related observation, is the sensitivity of performance 
to seemingly sli^t changes in experimental context. It has already been 
observed that subjects instructed to think aloud whilst problem solving 
seem to have a poorer fit of response data to the problem solving model 
than when this instruction is not given. The fifth experiment, however, 
has yielded a similarly poor fit \dien subjects are not instructed to 
think aloud during problem solving. The experimenter has tentatively 
suggested that the subjects' expectation of carrying on the task over 
several days may effect performance. Similarly, a more systematic 
study of subjects' performance in relation to the number of problem 
characteristics, such as structural variations, the inclusion or 
exclusion of negative premises and variation in the number of 
comparative terms in the series, considered partially and only in a 
post hac manner in the study, is necessary in order to get a more 
comprehensive picture of the 'condition units' effecting subjects' 
performance on term series problems.
Experiment five, whilst offering a reasonable account of problem 
solving behaviour under time constraint over an extended series 
of problems, offers a macro view of the various stages of problem 
solving strategies. Further investigation is needed of the details 
of the processes of phase 1 problem solving behaviour; how do the 
problem strategies involved interact with the individual, cyclical 
pattern of responses. As with all studies of cognitive processes, 
there are many problems of research design and data analyses which 
in themselves provide a major area for further research.
General comments
If we consider the possibility that in the future an adequate general
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model of problem solving will be identified, it is essential that 
research is designed to find the common factor underlying not only 
the strategies for solving particular families of problems but also 
the relevant factors in the problem context. In oiher words, what 
we are searching for is an understanding of the strategy employed 
by problem solvers to identify and develop the strategy best adapted 
to a particular problem situation - the strategy of identifying an ' 
appropiate strategy. Implicit in this very complex task is the 
necessity of identifying the conceptualisation of problems and 
problem contexts which forms the basic frame of reference for the 
general strategy for selecting particular problem solving strategies. 
Furthermore, we need to investigate the processes involved in the 
evaluation of the strategies selected and the circumstances in 
which they are, perhaps after some experimentation, modified and 
changed. Some researchers such as Domer (op, cit.) Neches and Hayes 
(1977) and de Leeuw (1977), have offered a taxonomy of strategies 
but no satisfactory explanation of the basis of their selection.
They have suggested that there is a match between the various 
problems and the types of solution needed, on the one hand, and the 
strategies to be used, on the other. They do not, however, offer a 
classification of problem context and climate or a discussion of the 
actual matching process involved.
It may be that strategy selection and modification is evaluated, 
after using the most obvious criterion of the attainment of a 
successful solution, on the principle of reduction to the most simple 
method not only because of the considerations of economy of cognitive 
effort but the aesthetic satisfaction in attaining the most direct 
approach. The negative aspect of the Einstellung effect in problem
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solving could be explained away by the fact that when a problem 
solver has attained what he considers to be the most direct and 
economical strategy,he is résistent to change and that the criterion 
of economy of effort and simplicity are not always achieved by the 
selection of particular procedures but by adjustment to a 
particular problem solving rythmn whose regularity may be the 
strain reducing agent.
The phenomenon of functional fixedness seems similar to the 
scanning strategy identified in the fifth experiment but Duncker's 
observations are made under circumstances where an economy of 
perception is established with some immediacy, whereas the 
circumstances of the present study necessitate a certain protracted 
preliminary exploration.
The general finding of this study is that the identification of 
problem context is an important factor in the prediction of problem 
solving behaviour and subsequent changes in that behaviour, even 
when the problems structures involved can be classified into a 
compact, identifiable family, and there is much individuality of 
response to what seem to be a very precisely defined problem situations, 
which can be masked when analysis is based purely on the inspection 
of group means and variance.
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APPEITOIX I
Problem solution times (first experiment)
The following tables give the solution times, in seconds, for 
each subject from the four groups (Trinidadian men, Trinidadian 
women, British men, British women), on each problem presented in 
the first experiment. The numbers 1 to $2 across the top of 
each table indicate subjects, the numbers 1 to 64 down the table 
indicate problems. The particular structure and comparative 
term of a problem can be identified in table
11.
Subjects - TRINIDADIAN MEN
1 2 3 4 5
T---
6 7 8 9 10 11
1 6.61 5. 50 10.71 5.67 12.68 7.58 6.16 11.93 8.29 10.64 10.06
2 9.54 9.43 10.22 10.19 10.18 10.09 10.51 10.57 9.61 11.57 9.12
3 17.55 17.69 13.42 18.35 17.61 16.70 17.08 17.06 15.99 19.56 19.04
4 13.97 19.51 17.59 13.41 13. 5( ) 4.07 13.14 13.16 11.56 12.84 12.51
5 8.02 12. 91 11.81 13.08 14.85 15.48 11.86 11.32 11.30 20.48 11.29
6 16.92 16.84 16.68 17.56 12.22 13.62 19.72 10.76 15.62 11.54 16.45
7 14,20 11.02 10.64 15.07 12.12 9.99 11.19 11.09 12.78 10.32 10.19
8}---- 7.32 7.63 5.95 4.92 5.21 6.38 5.00 14.78 5.82 7.38 8.75
1 9j-------- 20.71 22.68 13.20 13.55 16.20 5.98 15.20 14.35 14. 57; 22.68 15.06
I 10 24.41 11.76 27.11 22.35 22.31 23.69 22.08 7.05 26.90 22.24 11.36
20.44 16.20 14.31 16.23 13.60 15.12 1.3. 54 20.61 11.71; 20.40 19.57
23.13 25.28 27.51 25.01 21.46 23.66 15.00 22.71 28.3li 29.98 22.85
: 1^ 12.41 12.94 13.12 12.94 13.00 9.07 23.50 19.79 13.4L 11.16 18.69
14 13.92 16.02 12.72 15.98 17.46 15. 35 16.74 15.46 13.88' 15.57 15.63
15 19.32 17.31 27.27 18. 61 23.44 13.71 20.07 14.40 17.16 14.65 24.08 -
16 16.02 10.63 16.28 9.49 11.19 15.64 10.19 20.59 19.14: 11.15 20.08
17 10.71 6.67 10.93 9.61 6.50 10.39 8.20 13.68 13.12 8.32 9.13
IB 14.63 19.32 17.32 14.48 10.06 21.71 16.22 17.59 16.40' 12.92 14.32
i 19 12.51 9.61 12.57 10.12 8.23 9.61 10.54 10.34 10.75! 12.57 11.11
i2 0 16.31 20.57 14.90 18.16 20.32 26.44 19.70 13.54 20.20: 25.27 13.71
21 12,84 14. 61 14.18 11.77 12.31 14.41 20.69 15.23 14.37| 14.14 13.06
22 22.06 15.60 24.71 30.13 36.31 29.48 25.09 27.01 30.63 29.58 22.06
23 4.00 6.10 6.57 7.31 6.32 5.37 9.41 10.30 5.44 7.00 5.63
24 9.50 11.67 11.68 6.00 8.69 10.61 11.64 10.66 10.00 10.73 4.71
25 10.02 10.07 17.12 10.00 11.00 13.20 12.78 11.64 13.19 25.79 12.33
26 13.67 11.59 10.34 10.00 14.73 14.71 6.32 9.68 7.19 10.51 9.13
27 10.64 10.30 19.23 8.71 6.32 14.67 6.68 10.19 11.13 9.13 15.01
28 10.54 14.00 10.82 12.86 9.64 9.94 9.30 9.68 17.23 10.21 9.90
29 , 14.60 15.70 17.00 14.07 13.51 13.63 10.45 11.50 14.861 15.32 15.32
30 10.89 8.68 14.76 11.09.: 14.66 12.00 9.80 9.60 10.66! 8.81 15.19
31 14.86 14.01 13.57 12.00 20.30 11.50 15.00 16.85 10. 63! 11.53 12.44
32 12.84 14.36 15.98 12.11 16.15 16.00 14.92 10.74 15.761 13.88 15.62
33 31.46 23.13 13.16 17.23 10 .7C14.41 20.11 20.35 31.3l| 20.69 20.90
34 8.29 8.58 7.98 7.44 10.33 7.95 21.71 10.64 7.66| 6.05 4.27
35 9.30 10.69 7.32 9.37 9.80 9.94 13.46 10.33 15. 29! 10.68 12.76
36 6.45 6.68 6.41 4.76 6.44 6.99 6.18 7.43 4.92 8.54 5.44
37 8.49 12.09 11.23 11.09 16.02 10.71 15.35 9.59 10.33 16.03 12.53
38 ? 5-127. 21.11 20.23 20.13 20.28 20.51 20.01 21.46 20.66 15.00 20.71
cent* d....
Ill,
12 13 14 15 16 17 18 19 20 21 22
10, 29 10. 93 8. 19 8. 51 13.13 6 32 7 13 7. 47 11. 53 6 01 9. 95
8. 23 9. 61 9. 34 9. 76 10.11 7. 54 9 .43 10. 66 10 47 10 .34 10. 31
19. 59 18. 17 17. 69 16. 67 16.46 18. 16 19 .46 13. 80 18. 16 21 .70 17. 10
12. 98 13. 18 16. 39 13. 87 13.17 10. 87 11 .51 15 93 12 92 26 .60 12. 82
8. 70 8.40 11 28 14. 12 16.80 11. 40 6 .24 5 80 7 02 8 .00 10. 52
17. 85 15. 72 14 00 12. 72 14.65 14. 99 16 . 32 16 25 15 76 16 .01 16. 22
20. 79 12. 83 10 00 9. 92 11.24 13. 81 10 . 23 9 69 8 99 9 .92 7. 77
12. 68 6. 09 4 91 5. 10 5.57 11. 31 5 . 87 9. 91 13 30 5 .44 6. 99
15. 32 15. 44 15 .37 18. 32 13.55 13. 27 13 . 32 18. 10 24 37 19 .73 15. 39
28. 13 11. 73 12 .67 22. 99 28.92 22. 79 25 .88 22. 84 26. 41. 21 .46 23. 16
13. 69 16. 25 22 .99 17. 72 13.40 16. 16 14 . 55 22. 98 19. 20 19 .70 17. 98
22. 59 24. 91 24. 63 22. 31 22.99 28. 69 29 .08 17. 05 26. 40 22 .84 17. 76
13. 23 12. 81 13. 37 11 84 10.14 12. 56 12 . 98 13. 17 11. 61 13 .18 10. 77
: i6 . 48 20. 34 11. 53 16 .45 17.45 15. 32 12 . 50 13. 12 12. 72 14 .15 15. 99
16. 17 29. 75 18. 72 22 .24 14.69 13. 66 20 90 11 98 19. 72 30 .85 28. 20
10. 75 9. 82 17 12 11 .59 10.69 9. 42 7 72 12 78 11 51 10 .99 15. 81
i l l . 83 7. 48 11 52 8 .51 8.59 8. 16 11 43 10. 98 9. 45 7 .38 5. 81
jl4 99 15 02 12 .72 13 .15 13.22 16. 45 12 12 14. 35 16. 48 19 .34 15. 74
7. 94 10. 43 9 .83 10 .68 8.47 11. 22 12 .34 6. 31 11. 19 10 .08 12. 84
15. 19 13 16 16 .98 19 .72 23.73 15. 15 13 .12 18. 61 22. 37 31 .67 28. 08
15. 17 14 94 16 .83 23 .12 13.91 20. 79 11 .66 12. 48 13. 02 18 .94 16. 94
i
28. 19 10 28 20 .55 23 .85 26.90 21. 51 15 .76 30. 93 17. 33 21 .57 28. 91
4. 38 6 43 4 .54 6 00 4.82 5. 95 6 .48 4. 75 5. 44 7 .05 4. 27
8. 19 14 51 10 .13 6 .32 7.60 8. 58 4 .47 14. 53 6. 01 11 .99 6. 95
11. 28 9 .00 8 .42 7 .32 7.24 13. 23 12 69 11. 99 10. 81 9 .42 7. 82
7 58 5 .47 4 .50 7.68 6.51 11. 99 11 78 6. 60 7. 00 9 .69 10. 86
7 08 5 .00 4 .60 8 .51 12.58 8. 75 5 60 6. 50 8. 49 11 64 7. 05
9 .19 6 .38 9 00 6 .32 14.17 8. 68 12 19 7. 69 11. 00 5 .49 13. 13
15 .48 12 .99 16 32 10 .00 17.71 19 .40 12 92 20. 22 14. 59 14 .35 15. 02
10 .70 10 .51 11 .61 8 .57 14.12 10 .23 11 61 11 19 8. 54 8 .34 6. 75
15 .32 15 .32 19 .48 19 .34 14.74 12 .72 10 48 8 .06 11. 35 18 .12 17 71
19 .74 17 .90 11 .56 20 .08 17.56 14 .04 15 .68 12 .72 15. 60 13 .21 16 41
18 .74 20 .88 25 .08 17 .05 30.79 32 .71 12 99 21 .41 23. 31 30 .92 11 36
! 6 .67 15 .81 6. 93 8 .70 10.96 11 .83 8 .27 9 .35 7. 48 9 .62 10 48
1 9.11 11 .09 8. 57 10 .66 16.00 10 .76 9 . 80 9 .92 10 .38 18 .18 8 81
1 9.32 9 .63 7. 95 7 .92 6.27 6 28 5. 10 4 .78 10 .30 15 .82 7 38
jlO .22 10 .99 15 .81 16 .28 15.08 14 49 11 .00 15 .83 10 .19 15 .59 24 14
(20 .31 19 .00 20 .00 22 .45 20.9: 20 13 20 . 31 20 . 50 23 .69 25 .08 21 00
cont' d,
IV,
23 24 25 26 27 . 28 29 30 31 32
7.20 7.78 7.35 5.81 9.27 8.58 7.98 9.44 ;L6.33 8.85
4.08 10.29 ]-0.84 L0.76 11.12 11.18 L2.76 L2.29 11.51 I 2.66
19.39 17.80 ]L6.93 15.36 15.45 15.35 17.81 L7.11 15.99 18.59
12.34 12.47 L2.91 11.45 12.60
11.60
13.13
8.73
13.10
6.63
13.11 12.95 12.76
8.92 12.90 13.83 12.19 8.61 11.45 11.52
15.41 15.69 L6.05 15.76 13.88 15.98 16.40 16.35 14.36 ]-2.11
1
11.29 11.34 10.99 15.61 12.33 11.25 10.99 10.35 10.03 6.54
7.43 5.54 5.90 7.‘48 7.44 7.05 5.76 5.68 6.31 6.68
14.69 12.71 21.61 14.54 15.22 13.70 16.28 14.31 16.27 L6.25
26.13 22.71 27.98
12.55
22.59]
24.85
22.81
19.27
24.63
15.52
12.61
28.20
15.27
25.87
12.23 23.31 i
!
j
i
23.67 19.62 22.73 17.89
28.93 14.83 19.07 25.89 28.92 36.88 43.31 17.23 16.27 12.11
15.83 12.92 16.89 26.70 12.92 12.57 13.81 12.24 11.34 12.71
20.32 16.32 15.06 16.75 16.22 15.79 15.86 12.01 16.25 16.05
25.37 15.12 16.00 29.67 12.45 18.27 22.73 15.39 19.70 13.54
12.63 10.32 10.33 9.59 8.49 15.71 10. 35 11.09 12.23 11.09
14.27 8.29 5.58 7.98 8.44 12.33 7.95 7.60 6.11 10.64
10.53 12.88 16,45 11.50 14.86 13.01 14.57 16.00 16.30 15 .OC
11.18 8.76 11.62 11.09 12.00 11.80 12.66 11.76 11.68 10 . 2£
18.00  
15.00
15.45
26.95
16.17
13.03
22.27
12.07
16.39
12.97
28.25
23.50
25.85
13.86 
27.21
20.72
11.00
11.27
26.20
12.58
7.11
12.711 
30.84 :25.79 28.52 38.00 30.31 23.00 23.31
5.76 9.68 5.38 5.78 4.00 6.09 6.41 5.00 6.48 13.78;
10.78 7.05 5.71 9.67 12.58 6.98 6.44 10.33 14.85 10 .20;
11.33 10.25 11.99 10.30 8.08 8.54 10.61 10.99 16.34 11.59;
11.04 7.95 6.01 9.37 10.66 9.58 9.98 6.04 10.73 10.09]
6.00 9.34 9.09 10.00 9.68 11.94 10.86 6.54 10. OC 10.82:
6.50 11.13 15.61 10.08 12.00 7.60 8.51 9.58 8,7: 8.60}
8.72 17.15 12.45 16.12 13.22 10.48 25.34 10.53 16.7/i18 .88 |
18.57 9.11 9.94 12.47 12.43 7.22 9.83 9.34 9.3:L10.68}
10.22 10.15 16.27 17.59 10 .4C 9.92 17.32 10.4: 15.0 2 14.99}
16.51 16.00 14.95 10.22 24 . 9Ê 11.32 11. 2E 1 5 .4£ 16 .0()15.76;
20.13 22.84 15.27 19.72 22.6] 27.98 12. 5£ 27.8] 19.6.312.07} 
2 7.13]8.50 8.53 6.49 11.4: 10. 3Î5 1 0 .2C 11. 6ÎÎ 13.1:I 10.3
15.51 11.61 18.57 16.7:3 14.1:2 10.23 16.6]L 16.1!) 8.5 0 8.38
9.87 6.91 8.75 8 .6!3 5.513 1 0 .OS) 14.913 1 5 .1(3 5.5 7 3 .3 l |1
15.75 11.15 7.72 9.822 15 .0(3 1 3 .5S) 12.6 3 10.6 9 10.4 211.61
26.45 20.84 19.76 20.9 3 22.8 3 20.8!3 19.0 7 28.9 2 31.0 0|22.
V.
TRIN1DADIA]\ ME\I
1 2 3 4 5 6 7 8 9 10 11
39 16.00 15.76 15.25 11.00 16.84 24.36 10.70 15.80 25.98 15.80 15.70
40 9.61 11.61 12.66 11.57 12.19 9.76 9.00 8.55 9.18 9.21 9.74
41 11.57 9.04 9.49 14.20 10.10 10.00 9.11 10.81 8.66 10.04 10.27
42 11.00 6.54 10.03 10.20 7.02 18.64 10.07 17.00 10.11 10.35 10.00
43 8.73 6.65 13.05 11.00 12.47 12.92 13.97 11.51 11.52 11.45 12.59
44 22.11 21.27 22.25 23.31 40.88 29.92 20.50 20.28 20.51 22.09 24.91
45 11.36 11.27 15.50 16.84 16.76 15.00 10.54 10.32 24.81 15.00 14.00
46 9.38 9.19 10.52 13.02 10.44 17.60 9.90 10.82 10.86
5.32
12.26 9.32
47 . 5.10 5.57 3.99 5.31 6.00 5.63 6.48 13.78 4.87 4.00
48 8.01 9.58 7.38 7.19 9.50 10.02 8.40 10.60 7.9d 9.82 8.86
49 13.50 10.42 11.53 15.29 10.60 15.20 15.00 16.07 13.64 14.86 15.35
50 10.5c 15.04 16.66 11.65 11.54 15.6^ 10.06 10.62 24.09 15.80 14:05
; 51 10.06 10.12 12.96 10.04 10.06 10.05 10.04 15.10 20.00 19.89 10.05
52 8.40 9.15 8.99 8.08 8.57 10.61 10.51 10.14 10.27 8,56 11.03
' 53 5.48 6.52 7.15 4.85 6.45 6.97 6.29 7.85 4.82 9.04 6.44
54 16.65 15.40 13.89 19.35 24.99 17.17 22.75 28.20 20.57 20.31j13.07
; 55 . 8.14 15.53 7.00 12.00 9.07 8.01 7.92 9.87 6.86 16,06 11,661 19.5f 16.01 10.55 17.61 11.69 13.42 16.75 17.13 17.91 26.66 20.17
57 9.25 9.15 8.51 12.16 9.72 9.20 9.17 9.20 8.68 9.01 11.06
58 6.05 6.62 10.56 15.30 14.00 6.54 7.10 5.93 4.40 6.85 7.98
59
24.49 13.85 12.71 12.00 11.58 13.97 12.07 22.84 13.05 10.51 11.86
60 10.37 10.67 14.87 6.40 6.95 12.61 9.49 11.68 10.68 5.99 7.69
61 7.14 5.74 5.14 11.29 11.99 5.02 6.66 5.35 6.62 4.13 12.26
62 ‘ 6.27 8.28 15.75 8.50 10.11 7.05 6.67 5.45 6.90 7.92 6.42
63 11.13 9.13 8.04 9.29 7.49 12.60 9.19 10.09 16.50 10.41 14.06
64 8.69 11.00 15.80 12.88 16.58 10.73 12.07 8.67 12.90 10.16 15.28
cont'd.•••
VI,
12 13 14 15 16 17 18 19 20 21 22
22.11 19.72 26.75 20.00 17.92 24.92 11.52 20.72 17.52 14.08 15.08
9.65 1C. 21 9.54 B.54 9.76 9.12 8.43 9.22 9.43 8.68 9.19
7.35 9.08 10.57 10.61 9.29 10.19 11.76 11.00 9.18 8.21 9.21
11.25 11.19 17.33 10.61 10.99 11.09
'Ï4TÔ7"
12.34
10.14
10.29 8.72
11.56
12.78
8.84
8.92
10.818.61 12.94 18.41 12.82 13.50 10.16
24.01 29.98 25.00 24.73 22.71 21.16 20.06 23.99 27.64 18.00 20.71
14.25 14.00 12.6E 13.92 15.72 10.74 12.60 12.26 10.88 14.12 18.74
11.17 9.04 8.94 8 .6E 8.68 8.56 12.69 12.19 9.60 10.15 5.49
8.41 8.50 6.00 5.4J 5,43 4.38 4.00 4.95 4.54 5.05 4.48
8.06 8.52 9.07 8.14 7.92 8.69 8.68 7.30 10.09
14.59
1^.19
14.05 15.3215.48 12.09 16.72 10.50 17.01 19.76 13.02 20.42
14.20 13.99 12.09 14.02 15.82 10.84 12.96 12.20 10.94 10.12 22.74
18.02 12.29 15.01 13.97 16.85 9.14 13.90 12.96 9.04 11.15 22.85
j 10.91 9.34 9.09 14.40 10.76 10.66 9.01 11.75 11.03 9.20 8.20
; 10.3] 7.62 8.00 7.02 7.17 6.88 5.00
24.22
4.66 20.10
13.66
5.62 9.08
Î18.81 .20.04 16.71 21.57 14.90 20.20 18.70 11.93 18.70
1 9.58 8.00 10.52 7.20 10.57 9.02 8.80 5.10 10.19 9.15 7.92
18.69 18.05 19.69 20.48 22.20 19.04 13.87 18.52 19.39 18.12 19.69
9.54 9.41 12.07 12.17 9.26 9.72
4.12
16.41
7.65
5.75
14.96
8.45
6.58
16.81
9.32
6.62
25.10
9.86
5.75
19.22
6.57
8.94
5.14
14.30
6.62
13.78 9.65 14.48 12.^9
13.01
4.64
15.0016.69 14.60 14.20
8.61 9.04 8.66 7.08 10.73 14.76 7.19 10.50 10.15
5.54 14.51 6.09 4.92 4.35 5.82 6.95 10.78 6.61 4.65 5.75
8.60 9.36 9.64 7.75 4.75 6.44 7.00 5.12 4.80 8.25 7.41
13.03 14.17 17.00 10.50 9.04 13.69 6.50 8.68 10.82 7.32 8.66
8,65 11.45 12.65 14.17 13.46 9.05 11.00 18.47 12.99 12.91 10.24
5
cont' d,
vil,
23 24 25 26 27 28 29 30 31 32
13.03 15.90 15.21 16.80 16.11 16.50 14.45 12.22 22.52
9.84
11.50
10.579.18 10.27 10.54 10.51 10.09 10.51 14.80 9.29
11.54 9.08 9.24 7.15 8.54 8.76 10.12 8.40 9.65 9.03
10.52
14.98
10.19
13.39
]^.79
16.87
17.53 10.92_ .?:24
10.91
13.81
11.58
10.00
15.93 12.02
_9_.ooj 
26.50113.18 13.00
50.51
18.21
25.08 
16.90
31.25 20.40 28.84 17.76 29.00 17.85 16.07 20.89 1
11.06 17.68 16.40 17.56 14.04 16.51 15.99 14.96;
6.48 8.75 8.60 11.13 15.03 10.09 12.60 7.51 8.00 9.58
4.75 4.44 3.27 3.71 5.58 4.36 4 .68 4.01
12i ^
15.57
4.09
...1
4.40 '
8.02
._5i48
17.85
_6.oq
12.05
8.4g
16.50
. _8 .75 
15.44
.11,^1
20.30
10.00.
16.48
.1^ ,61.
16.04 19.58 :
17.01 17.95 11.11 17.68 17.60 16.56 15.61 15.54 16.69 15.86 î
16.81 18.04 12.02 15.58 19.10 15.06. 15.67 17.50 16.15 15.75 :
9.19 11.06 10.20 9.30 9.10 9.30 7.21 9.50 7.80 10.14 '
8.87
20.95
6.61 7.05 8.88 6.08 10.01 20.10
25.17
10^02 
16.65 16.07
_3.f81. 
24.93 -25.80 26.00 24.02 16.10 22.37
7.49 7.50 8.75 8.65 8.69 9.00 6.90 9.00 11.53,10.69
18.10 17.34
10.51
20.86 15.03 14.14 16.65 15.51 18.03
14.75
17.00 ..i.41 '
12.21 8.84 10.56 10.57 10.27 10.52 10.20 10.09
7.15
12.66
5.00
13.57
4.37
14.21
5.84
13.91
6.05
4.70
10.45
9.68
12.48
6.42
5.38
19.01
7.78
6.19
16.89
6.71
6.91
15.95
10.18
5.65
^,Q0_
25.99.
7..g_i_
9.70
15.16
7.58 5.45 10.51
5.65 4.35 6.58 4.74 6.88 5.86 5.19 6.42
6.78 9.88 8.93 5.60 7.05 4.93 14.90 3.32 5.57
11.19 8.96 19.60 8.15 5.49 5.48 7.75 6.60 8.15 14.05 '
13.67 11.58 13.97 11.91 11.52 8.82 10.50 13.20 10.9,2 _9z24..
----- -----
Vlll,
SUBJECTS - TRINIDADIAN WOMEN
1 2 3 4 5 6 7 8 9 10 11
1 8.94 8.67 15.60 12.56 14.04 9.31 6.70 10.09 9.26 8.45 9.90
2 26.01 16.00 13.57 22.22 11.81 13.13 12.60 16.81 18.49 13.90 10.69
3 18.81 19.07 20.93 24.52 16.69 25.19 25.50 24.65 20.20 24.15 26.01
4 10.32 14.23 19.66 12.64 19.19 26.00 12.81 15.93 16.05 14.21 10.57
5 16.22 16.45 15.15 16.45 14.20 13.86 12.50 12.88 12.72 15.99 14.32
6 10.69 11.61 16.88 13.39 15.80 10.02 7.77 11.35 12.09 15.28 15.09
7 15.07 11.00 11.23 12.34 11.61 10.99 8.37 12.81 9.24 14.20 10.03
8 6.00 9.03 9.03 7.10 16.36 11.20 8.79 9.72 15.07 10.00 8.69
9 13.92 12.54 17.90 13.95 12.19 26.01 12.00 10.32 11.99 13.56 20.02
10 22.11 33.31 39.86 26.93 16.83 19.18 25.79 20.76 27.46 25.84 29.40
11 15.24 25.24 14.39 10.08 10.70 10.72 15.92 11.66 15.36 14.81 16.98
12 26.20 32.25 20.98 30.99 20.31 18.05 30.07 30.27 25.63 27.12 30.86
i 13 11.93 20.48 19.08 18.71 25.90 20.85 19.16 10.78 12.80 20.63 17.31
1 14 9.24 10.20 9.72 8.00 8.69 12.13 9.99 12.39 16.37 12.19 9.09
15 30.00 25.78 18.57 28.91 28.52 38.00 23.00 23.31 27.21 21.27 40.55
16 19.92 23.90 22.36 20.45 15.65 18.16 24.09 31.32 15.09 14.85 10.69
17 19.25 20.34 15.29 10.19 10.71 15.96 10.70 14.18 10.32 11.19 11.23
i 18 26 .80 19.06 12.54 13.99 15.05 14.13 10.32 12.81 10.19 12.01 32.74
!
t 19 20.84 24.25 24.25 24.40 30.57 20.68 26.20 31.00 23.02 19.43 23.54 :
1 20 15.75 17.20 22.65 23.16 14.65 23.19 17.44 18.64 20.16 15.78 16.31
1
21 25.20 31.04 19.66 25.65 24.00 20.85 23.71 33.75 18.19 29.97 20.28
I 22 14.30 11.82 13.15 10.99 26.85 19.01 16.54 13.81 15.99 11.32 16.70
1 23 8.72 7.69 8.00 11.13 9.24 9.20 8.99 13.00 12.42 10.10 11.39
1 24 :20.71 22.80 ;20.60 16.60 8.23 15.29 23.17 22.60 >3.21 30.00 25.40
{ 25 ■50.02 20.68 ;27.40 22.25 !0.86 23.70 30.28 33.03 '10.54 28.06 50.20
1? 26 ■0.22 •11.80 8.93 12.65 8.99 13.11 8.96 15.07 8.00 8.79 13.05
L,27 17.06 26.27 27.04 24.29 22.11 34.31 30.86 24.70 29.29 26.61 28.00
1 28 10.80 13.31 11.99 10.14 11.69 12.20 11.58 13.85 12.54 14.00 32.81
L29 11.89 9.82 9.11 13.00 12.64 14.01 10.02 10.24 10.72 10.69 9.99
1 30 12.72 8.00 9.99 5.72 14.14 10.64 10.69 12.99 10.13 11.99 11.42
1
21.64 20.75 26.22 17.20 23.16 23.19 16.69 20.50 18.16 12.93 14.99
j 32 20.70 20.92 50.11 31.93 55.84 29.76 27.90 39.01 34.10 40.09 35.78
i 33 17.00 39.70 12.06 38.72 19.17 39.07 47.36 33.72 36.70 56.32 39.07
1 34 9.00 11.78 4.65 13.80 9.17 14.81 19.28 20.85 17.25 18.32 31.09
1 35 :22.49 18.18 21.93 17.83 !0.28 25.97 27 06 20.75 19.68 25.20 30.00
36 3.69 11.01 1.61 12.79 5.34 5.79 10.67 7.54 8.09 10.15 12.82
: 37 3.48 12.37 5.75 10.73 3.11 24.00 15.99 14.57 7.30 16.20 11.86
1 38 :0.08 n.oo 3.61 17.99 9.17 52.50 32.90 17.25 :>6.99 :28.86 8.70
cont'd..,,
IX.
12 13 14 15 16 17 18 19 20 21 22
9 . 3 2 8 . 0 4 1 0 . 7 2 12.7 4 7 . 3 8 1 0 . 4 3 1 2 . 6 ' 10 .92 1 0 .8 6 1 2 .6 6 1 3 .9 3
1 2 . 2 0 15.06 20 .1 0 14 .1 5  1 2 .0 1 1 3 . 5 5 12.7E 2 2 .7 4 12.01 11 .56
1 2 .1 4
1 5 . 4 0 1 4.90 2 3 .3 7 1 9.44 21 .63
1 3 . 8 0 2 0 . 9 9 18.17 1 6 . 2 8 1 6 . 6 5 2 1 .7 5
1 1 .8 1 1 2 .3 0 1 3 .0 0 1 8 .4 9 7 . 0 3 2 5 . 2 2 1 0 . 5 9 13.53
1 3 .0 0 13.  9C 22 .1 6
"1 57 03
1 6 . 9 2 1 7 .4 2 12 .0 6 21.71 9 . 2 2 1 7 . 6 3 1 9 . 2 2 18.48 19 .5 5
1 6 . 3 9
1 0 . 2 2 9 . 2 2 1 6 . 4 9 10 .5 3 4 . 0 3 1 1 . 2 3 9 . 3 :
11. 0s 9 .9 5 1 6 . 0 : 14.35
1 8 . 7 9 11 .0 2 2 0 . 1 9 1 2 .7 9 8 . 9 2 1 0 .6 4 1 1 . 8 : 9 . 0c 9 .2 3
1 9 . 9 : 7 .9 5
1 0 . 2 4 28.0 0 2 0 . 0 2 16 .7 9 7 . 6 3 11 .0 0 11. 2:
10 .81 1 5 . 2C 10. 0 : 14 .95
12 .0 1 11 .6 9 15.31 14 .9 9 1 . 1 4 1 3 . 1 3 10. 5E 10.56
12 .6 0 12.75 16 .8 0
3 8 . 0 6 15 .0 0 23.71 28.30 50.98 2 7 . 1 3 3 0 .6 8 3 0 . 2 7 2 3 . 0 0 3 0 .5 1 2 3 . 5 9
1 7 . 0 9 14 .2 2 1 1 . 0 9 8 . 9 9 17.02 1 4 . 3 9 1 3 .2 3 1 3 . 3 9 1 3 . 2 8 9 .2 2 15.8 1
27 .3 1 22.11 1 8 . 1 8 3 0 .9 7 18.06 2 0 . 2 8 2 3 . 0 3 3 0 . 5 4 2 3 . 5 2 2 0 . 9 2
1 5 . 0 0
1 9 . 6 4 18 .4 4 1 9 . 9 2 22 .3 7 15.28 14 .8 1 18 .0 6 2 4 . 0 0 2 0 . 4 0 1 3 .9 0 1 5 . 9 9
1 0 . 3 4 10.81 1 1 . 1 0 1 4 .0 7 1 .0 0 1 0 . 5 4 1 0 .0 5 16 .02 1 4 . 1 9 1 1 .2 3
1 1 .3 4
1 5 . 2 8 3 0 . 1 9 3 0 . 6 3 3 0 .5 8 52.06 3 2 .0 6
1 0 . 9 5
3 5 . 6 0
15 .71
36 .3 1 54 .7 1 3 3 . 1 3  6 2 . 8 5
2 3 .5 1 15 .2 7 1 8 . 4 5 10 .4 8 7 . 1 3 2 0 . 9 2 1 0 .8 5 20.161 2 1  .0 8
1 4 . 0 7 9 . 7 7 9 97 1 6 .0 9 1 .69 1 5 . 8 5 1 6 . 8 8 1 3 .4 7 9 . 3 5 1 2 . 0 5 9 . 4 2
1 3 .7 0 20 .1 0 P 3 .2 2 2 6 . 0 9  • 7 . 0 0 1 6 .5 7 15 .0 6
1 5 . 1 5 1 3 . 6 0 1 7 .8 1 13 .0 1
20 .8 7 22.25 17.31 22.11 ■7 . 0 0
2 2 . 9 0 3 1 . 0 0 25 .3 1 2 8 . 0 5 2 5 . 0 7 3 0 . 0 0
1 9 .9 2 17.37 14 .2 8 19.40 ■1 . 9 9
: 9 .9 9
2 1 . 8 5
2Ï I 3I
2 3 . 0 0
2 5 . 6 3
2 0 . 5 4
2 3 . 2 3
1 1 . 8 0
1 8 . 0 5
1 9 .6 3
2 7 . 1 3
13.81
2 5 . 8 6
19.0 6 20.98 52.31 22.11 :
1 7 .0 5 15.13 20.60 11.19  ■6 . 0 1
1 9 . 7 4 2 3 . 7 2 1 8 . 0 0 1 7 . 6 7 1 6 . 0 6 2 6 . 0 9
15.37 11.34 9 .8 1 11.19 8 . 0 9 ;
1 3 . 0 7 1 0 . 0 0 9 . 5 4 9 . 0 5 8 . 7 9 1 1 . 3 4
22.84 26.13 22.47 25.88 : 3 .4 1
1 2 . 7 3 2 0 . 0 8 1 2 . 6 7 2 9 . 3 5 1 5 . 1 9 2 8 . 9 9
50.96 20.46 25.63 57.12 2 . 2 5
2 5 . 9 2 3 0 . 9 8 3 0 . 0 7 2 3 . 5 0 31 .00 2 6 .3 1
. 7 . 0 0 8 . 6 9 9 . 3 5 11.60 9 . 3 7
1 7 . 4 2 9 . 1 0 1 1 .2 0 1 0 . 3 9 8 . 0 8 1 3 . 0 4
3 0 . 4 0 3 7 . 0 0 2 8 . 1 2 3 1 . 9 8 25.8 4
2 6 . 9 3 2 6 . 8 3 2 9 . 2 0 1 6 . 5 0 26 .0 0 2 1 . 9 9
1 8 . 5 0 1 2 . 1 9 1 3 . 0 2 10.31 12.01
1 9 . 0 7 2 7 . 0 0 1 5 .0 0 3 3 . 7 4 1 5 . 7 6 2 0 . 1 5
1 2 . 3 4 1 1 . 1 3 1 2 . 3 9 1 5 . 3 7 19 .25
1 0 .0 0 1 0 . 2 0 9 . 9 9 1 3 . 9 9 1 0 .8 1 1 1 . 1 9
9 . 2 3 9 . 2 4 1 1 . 1 0 8 . 0 2 9 . 1 9
9 . 0 0 1 2 . 3 9 1 5 . 3 8 1 3 . 1 7 1 0 . 1 0 1 1 . 3 7
1 2 .9 0 2 0 .6 4 1 9 . 3 0 2 2 . 9 9 19.45
2 0 . 4 8 1 7 .0 6 2 0 . 0 8 1 7 . 6 3 1 8 . 3 1 2 9 . 9 3
2 4 . 2 7 3 0 .5 5 3 0 . 0 0 3 7 . 9 9 55.06
3 8 . 5 7 3 6 . 3 2 4 0 . 0 7 2 5 . 6 3 3 0 . 9 1 3 3 . 5 2
2 7 . 0 0 29.91 3 1 . 9 9 2 8 .8 9 46 « 99
2 7 . 6 4 3 1 . 0 7 3 0 . 9 0 4 0 . 0 1 2 9 .5 0 2 0 . 9 3
1 9 . 9 9 21 .4 0 2 0 . 9 3 17.50 15.08 2 0 . 6 4 1 5 . OC 20.63 23.16
18.16 2 0 . 7 5
2 2 . 6 3 19.87 21.11 50.00 19.80 2 3 . 2 5 2 0 . 8Z 2 3 . 4C 2 3 . 7C
2 1 .  9C] 3 0 . 4 0
8 .1 1 12.00 9 . 0 0 9 . 2 0 2 0 . 0 0 16 .2 5 1 0 . 3 ' ? ^2.6C
1 0 . 7 ' 1 0 . 2 ! 5 2 2 . 3 4
12.42 13.32 12.06 20.71 2 .5 1 16 .01 2 0 . 2 ' 1 6 . 9 : 1 9 . 5Î
? 1 7 . 6 5 1 7 . 4 2
29.2 8 2 4 . 7 5 54.20 17.68 2 3 . 0 9 28.  IE 2 2 .1 1 2 6 . OC] 2 7 . 3 2 2 9 . 9 5 4 0 . 7 9
cont’ d. • •
X.
23 24 25 26 27 . 28 29 30 31 32
1 0 . 0 4 1 2 .4 6 1 2 . 1 7 1 2 . 6 5 12 .8 6 1 0 . 8 8 1 4 . 1 7 8 , 1 6 8 . 7 5 5 . 5 0
1 5 .0 0 16.31 12.81 1 0 . 3 2 1 4 . 1 9 1 5 . 9 5 1 9 . 9 0 1 2 . 5 4 1 9 .5 6 1 3 . 9 3
17 .3 1 2 0 . 6 4 1 3 . 7 6 16 .1 6 2 5 . 8 5 2 0 . 9 0 1 1 . 9 3 2 4 . 4 8 1 8 .6 0 1 8 . 7 0
1 4 . 1 5 1 2 . 7 3 14.01 1 2.01 1 2 .6 0 1 2 . 5 8 1 0 . 1 4 1 0 . 0 0 16.31 1 3 . 9 5
1 2 . 1 2 1 3 .01 1 7 .3 0 1 3 . 4 8 2 4 .3 7 1 4 . 0 0 1 6 . 0 0 1 4 . 5 7 1 0 . 7 3 1 5 . 7 4
1 4 .8 1 1 5 .3 5 1 9 . 5 9 11 .2 6 1 5 .9 3 1 0 .7 1 1 0 . 0 9 1 5 . 3 9 2 4 . 3 4 1 5 . 2 5
8 . 6 9 1 2 .1 2 9 . 9 9 9 . 7 2 8 . 2 9 1 1 . 1 9 1 6 . 3 7 1 1 . 1 0 7 . 0 3 3 . 5 4
9 . 3 4 1 2 .7 7 1 2 . 3 4 9 . 9 9 8 . 9 4 1 0 .6 6 9 . 1 3 9 . 5 0 1 1 . 8 5 11 .6 1
1 2 . 4 9 12.9C 2 0 . 7 3 12.01 1 2 . 8 5 1 2 . 2 0 1 4 . 0 6 1 8 . 1 0 1 4 . 1 4 1 2 . 0 3
2 5 .9 1 2 0 . 0 8 3 0 . 0 2 2 6 . 6 2 1 7 .0 5 2 4 .3 1 2 6 . 9 9 2 5 . 9 3 2 7 . 2 3 2 6 . 2 7
1 1 . 0 3 1 1 . 3 3 1 0 .0 7 7 . 7 9 1 2 . 4 8 1 3 . 5 3 1 2 .1 1 1 1 .3 6 1 9 . 5 8 1 1 . 2 5
2 0 . 7 5 2 4 . 9 0 1 6 . 8 2 2 0 .4 6 2 3 . 7 2 2 0 . 8 4 2 4 . 2 5 2 5 . 4 0 1 9 . 6 8 3 1 . 0 2
1 9 .1 6 2 3 . 5 0 1 5 . 6 9 2 6 . 2 2 2 4 . 1 9 1 5 . 6 5 2 4 . 1 6 2 2 . 6 5 1 8 .2 0 2 0 . 7 5 !
8 . 7 9 1 1 .6 1 1 2 . 7 9 9 . 9 2 9 . 6 4 1 0 . 0 0 1 0 . 0 2 1 0 . 9 9 1 3 . 3 9 1 2 . 0 3 ;
3 9 . 4 8 3 5 . 0 9 29 .0 1 2 6 . 9 0 16.51 1 5 .7 6 3 0 . 8 4 3 0 . 9 3 2 7 . 9 3 2 7 .1 1  I
1 0 . 8 7 1 2 . 3 5 1 9 . 6 3 1 3 . 8 5 16 .0 0 1 9 .5 1 1 4 . 1 6 2 4 . 0 5 23 .1 1 2 5 . 8 0
1 6 . 6 9 1 0 . 5 3 9 . 1 3 9 . 9 9 1 1 . 2 9 1 4 . 4 9 1 6 . 6 2 14 .8 1 1 5 . 7 5 1 1 . 1 9 .
1 9 . 4 9 1 4 . 9 0 1 4 . 8 5 1 1 . 6 9 1 3 .2 0 1 1 . 5 8 1 1 . 1 4 1 3 .0 0 14 .31 1 1 .8 1  !
2 0 . 9 0 2 2 . 1 2 2 0 .8 6 1 8 . 7 5 2 4 . 9 3 1 7 . 8 2 2 0 . 2 8 1 8 . 1 8 2 5 . 9 7 2 3 . 0 6  1
1 9 . 0 7 1 7 .0 6 2 3 . 9 0 18 .7 6 2 5 .9 7 1 4 . 9 9 2 0 . 5 0 2 0 . 6 9 2 5 . 2 2 1 8 .1 6
3 1 . 0 7 2 9 . 2 7 3 0 . 5 4 2 0 . 9 2 2 0 .4 6 2 3 . 5 2 1 6 . 9 7 2 4 . 7 5 1 8 .5 0 1 7 . 2 5
1 6 .1 6 1 4 . 6 0 18 .81 1 5 . 8 5 1 0 .2 0 1 4 . 5 8 14 .0 1 2 0 . 4 9 1 5 .9 0 1 2 . 6 9
10.61 9 . 9 9 1 5 .0 1 9 . 0 2 1 0 .2 3 1 2 . 6 4 1 3 .1 1 9 . 0 0 8 . 9 2 1 1 . 7 9
2 7 . 1 3 2 2 .3 1 2 0 . 6 9 2 5 . 0 8 1 7 .0 5 2 5 . 9 0 21 .7 4 1 1 . 7 3 2 2 . 7 0 1 0 .3 6
2 8 . 0 5 1 5 . 0 0 3 0 . 2 7 3 0 . 8 5 27.31 4 2 . 1 1 2 8 . 1 8 2 5 . 7 5 3 4 . 9 0 1 7 .0 0
1 4 . 3 7 1 0 . 3 4 1 0 . 0 3 9 .5 6 8 .8 1 9 . 0 5 1 0 .6 1 1 0 . 0 0 1 1 .3 7 8 . 7 6
2 6 . 4 5 3 1 . 0 2 3 0 .7 6 2 0 . 9 0 3 2 . 2 7 3 1 . 2 7 2 9 . 5 0 2 4 . 5 9 2 0 . 5 4 3 1 . 6 5
1 4 . 1 4 2 0 . 2 2 2 5 . 0 9 1 5 . 9 9 1 2 .6 0 1 6 .8 1 1 4 . 9 0 1 4 . 1 5 1 4 .0 6 1 5 . 5 7
1 3 . 4 2 1 1 . 1 5 9 . 0 9 9 . 5 4 1 0 .0 5 8 . 7 9 1 2 . 3 4 1 1 .6 1 1 3 . 0 7 1 1 . 9 9
10 .81 1 9 . 5 4 8 . 0 5 7 . 7 9 1 2 . 1 9 1 0 . 0 9 1 0 . 3 9 9 . 5 4 8 . 9 9 14 .0 1
2 1 . 3 7 1 9 .7 1 3 0 . 0 9 2 5 . 8 5 1 4 .2 8 13 .8 1 2 0 . 1 6 1 4 . 6 5 1 1 . 7 8 1 3 . 8 0
3 3 . 0 0 2 8 .5 1 2 9 .2 1 3 2 . 5 8 3 5 . 6 8 3 6 . 6 0 2 3 . 0 0 3 2 . 1 3 4 2 . 8 5 3 9 . 5 0
3 4 . 2 7 2 1 . 3 1 1 8 . 2 9 4 3 . 3 5 2 7 . 1 0 4 5 . 5 5 5 0 . 0 0 4 0 . 9 9 4 5 . 0 6 3 8 . 5 7
; 2 5 . 2 2 1 9 .5 0 1 9 . 6 9 1 4 . 9 3 2 2 . 2 0 1 7 . 3 0 2 0 . 9 9 1 7 . 4 5 1 8 . 5 2 1 7 .6 6
1 1 7 .0 0 1 9 . 4 3 2 1 . 0 0 17.31 2 0 .3 0 3 3 . 0 8 2 2 . 1 2 2 7 . 9 0 2 2 . 9 9 2 5 . 0 7
) 13 .01 1 0 .1 3 1 1 . 3 9 1 4 . 9 9 1 0 , 0 2 1 0 .7 0 8 . 9 9 9 .8 1 1 2 . 4 2 1 0 . 2 0
: 1 6 .0 3 1 9 .2 2 1 2 . 9 8 1 4 . 0 3 1 2 .7 2 1 4 . 9 9 1 5 . 1 5 1 7 . 6 2 1 8 . 4 8 1 6 . 4 5
! 39 .27 17.01 3 6 . 0 5 21 .7 5 39.00 2 0 . 4 0 2 5 . 1 5 4 1 . 0 1 2 8 .0 6 4 0 . 5 4
XI,
TRINIDADIAN WOMEN
1 2 3 4 5 6 7 8 9 10 11
39 2 0 . 0 8 1 8 .0 0 3 3 .9 0 2 8 . 1 8 4 2 . 1 1 2 7 . 3 2 5 0 . 8 7 4 0 . 2 7 15 .0 1 3 8 . 0 5 2 0 . 4 0
40 9 . 0 9 1 1 .0 0 9 . 9 2 1 2 . 0 3 1 3 . 9 9 1 0 . 0 0 1 0 . 0 0 9 . 6 5 1 2 .8 6 10.01 1V.61
41 9 .1 6 7 . 3 4 9.01 4 . 9 9 6 . 6 0 7 . 6 9 1 0 . 7 2 7 . 0 0 8 . 1 4 8 . 6 3 8 . 5 9
42 1 4 . 0 2 1 2 . 7 3 1 4 .9 8 2 2 . 1 5 1 5 . 7 4 2 7 . 0 0 2 4 .7 1 1 2 .9 7 1 2 . 9 9 1 1 . 3 2 1 8 . 4 9
43 3 1 .1 0 1 9 .6 0 2 0 .4 0 2 9 . 2 5 2 0 . 7 2 1 8 . 8 4 2 3 . 9 0 1 6 . 8 7 1 7 .1 6 1 9 .7 5 2 0 . 9 2
44 2 8 . 9 2 13.11 1 6 . 2 7 1 6 . 2 3 2 3 .3 1 6 6 . 8 7 2 3 . 8 9 2 7 . 5 0 2 1 . 0 7 1 7 . 0 5 2 5 . 0 0
45 9 . 2 9 2 4 . 3 9 8 . 7 9 7 . 6 9 1 9 . 9 5 1 0 . 2 4 1 3 .8 6 1 0 .6 3 1 8 . 6 9 18.21 8 .8 1
46 1 3 .0 0 7 . 2 9 9 .1 4 4 . 5 7 5 . 3 7 4 . 0 3 9 . 1 0 1 0 . 1 9 8 . 7 2 1 2 . 1 2 1 8 .3 4
I 47 19 .8 6 1 3 . 9 3 1 5 .9 5 1 9 . 1 9 1 2 . 7 4 1 4 . 1 9 9 . 6 0 15 .2 6 2 0 . 1 5 1 4 .1 0 12.01
; 48 1 1 .6 0 1 3 . 7 9 1 2 . 2 2 1 1 .81 1 1 .0 1 1 2 . 8 0 1 4 . 5 4 2 2 . 7 4 1 2 . 0 2 7 . 1 5 1 0 .0 0
I 49 1 2 .0 6 2 0 . 8 4 1 8 .2 7 2 0 .2 1 2 3 . 3 1 2 2 . 0 7 4 8 . 1 9 5 0 . 2 8 1 3 . 0 0 6 0 . 6 3 2 9 . 6 0
j 50 2 0 .6  3 1 3 . 7 8 1 9 .7 0 2 5 .8 6 1 7 . 6 0 1 6 . 1 5 2 0 . 9 9 1 7 .3 2 1 3 . 8 0 2 2 . 0 5 1 6 . 3 5
i
8 . 9 9 1 2 . 7 0 1 0 .4 2 9 .8 1 1 0 . 7 0 1 5 . 7 9 9 . 6 7 7 . 9 9 1 0 . 2 5 1 2 . 3 4 8 .7 1
! 52 1 5 .3 6 17.81 1 5 .3 0 1 6 . 9 3 1 5 . 5 0 17 .8 1 1 9 . 3 8 1 3 . 4 2 1 7 .1 1 1 5 . 9 9 2 1 . 7 4
: 53 1 6 . 6 7 17 .1 6 1 7 .7 2 1 8 . 1 0 17 .7 1 1 6 . 6 5 1 7 . 1 5 15]  36 1 4 . 5 0 18.81 1 9 . 5 8
; 54Î -
24.81 19 .7 6 2 8 . 8 9 2 6 . 6 9 1 8 . 8 4 2 6 . 4 0 2 7 . 0 0 1 4 .2 3 2 4 . 8 5 2 3 . 0 8 2 0 .5 1
i 55 1 5 . 3 9 1 4 . 3 2 1 5 . 7 5 1 0.81 1 4 . 6 0 11 .5 1 1 2 . 7 9 1 9 . 1 9 11 .6 1 2 2 . 7 5 1 3 . 4 3
56 1 2 . 5 8 1 2 .3 4 1 4 .1 5 2 0 . 2 6 9 . 9 9 9 . 1 0 2 5 . 9 9 1 4 .1 6 1 1 . 6 7 1 4 . 9 9 1 1 . 7 3
57 2 3 . 3 7 2 4 . 4 8 1 2 .9 4 2 5 . 5 6 1 6 . 6 9 2 0 . 7 0 2 0 . 8 6 2 0 . 0 0 2 0 . 1 9 2 0 . 6 5 1 5 . 2 3
58 1 1 .7 5 1 0 . 6 3 1 4 . 4 7 1 0 . 9 3 1 5 . 6 0 1 1 . 5 0 2 2 . 4 7 1 0 .6 0 1 6 . 6 5 1 3 . 5 8 2 0 . 2 6
59 2 2 . 7 5 1 6 .2 6 2 2 . 6 5 2 0 . 1 6 2 5 . 1 9 2 5 . 2 2 1 9 . 6 0 1 6 . 6 8 2 2 . 5 0 2 8 . 9 0 2 0 . 8 5
60 1 3 . 7 5 1 9 . 9 9 1 7 . 7 9 1 2 . 7 9 2 2 . 0 6 2 3 . 0 0 1 6 . 0 6 2 0 . 3 9 1 5 . 6 3 2 0 . 4 9 2 6 . 7 8
61 1 6 .1 4 1 7 . 3 4 1 4 .2 0 1 9 . 5 8 1 5 . 3 6 1 4 . 7 5 2 2 .1 1 1 5 .6 0 2 4 . 0 6 1 4 . 7 5 19 .6 1
62 ‘ 2 3 . 5 0 18.31 20 .11 1 5 . 9 3 1 7 . 4 3 1 5 . 3 6 1 7 . 6 5 1 6 .7 6 1 4 . 1 6 1 9 . 6 0 1 9 . 2 6
63 1 6 . 1 9 1 2 . 3 5 1 0 .8 4 1 5 . 4 0 1 4 . 6 0 1 9 . 7 5 1 3 . 5 9 20 .2 1 1 4 . 4 7 1 2 . 4 9 1 6 . 9 9
64 1 8 . 2 7 1 4 . 5 4 1 9 .7 0 1 6 . 3 9 2 0 . 7 3 2 1 . 4 5 2 9 . 2 0 2 3 . 3 7 2 0 . 6 7 1 5 . 9 9 1 5 . 1 2
-
cont’d,,•,
Xll,
12 13 14 15 16 17 18 19 20 21 22
2 1 . 2 5 55.96 5 0 .6 3 26.31 55 . 6 2  : .15^68 3 7 . OC 37 .2 5 3 1 .0 0 20.86 13.7C
1 0 . 5 4 14.07 1 2 . 0 9 12 .3 9 8 . 7 0 9 . 2 4 1 0 . IS 8 . 6 5 1 6 . 4 7 1 0 . 7A 1 1 . 4C
110.00 9 . 4 2 8 . 0 4 8 . 1 9 12.99 8 . 9 9 5 . 7 : 1 0 .1 3 8 . 2 3 8 . 2 f 9 .20
1 1 . 6 2 1 6 .4 4 1 9 . 2 3 8 .0 6 13.12 12 .3 6 1 3 . 4S 1 0 .7 4 1 4 . 5 8
35 .0 7
1 5 . 4 :
31.2 1
12.5 0
12.112 5 . 0 0 3 2 . 2 5 2 3 . 9 8 3 1 . 9 9 25.60 2 7 . 2 0 2 0 .3 1 2 3 . 0 5
18 .3 1 2 9 . 6 8 2 4 . 9 6 30.01 21 .4 8 2 3 . 1 3 2 3 .0 6 2 5 . 2E 2 2 .5 5 2 2 . 3 ' 24 .61
1 6 . 0 9 9 . 2 4 4 . 0 3 9 . 1 2 11 .1 4 1 2 . 9 9 8.1C 8 .1 5 17 .9 5 1 4 . 5C 5.31
i
1 0 . 3 4 8 . 6 4 8 . 9 9 1 7 . 9 9 9 . 2 3 1 6 . 0 7 13.61 1 2 .9 5 8 . 9 2 1 1 . 0 : 12.81
1 2 .4 0 1 0 .6 4 1 3 . 9 5 1 1 .5 7 1 0 .0 0 25 .0 1 12.13 12 .8 1 13 .2 2 1 1 . 8 ' 1 5 . 4S
1 6 . 3 8 1 3 . 3 3 15 .4 1 15 .9 0 15 .9 3 1 7 .8 6 12.73 9 . 7 5 19 .2 4 1 4 . 2C 25.15
^ 8 . 2 2 4 0 .0 1 3 8 .3 1 2 4 .0 0 3 0 . 5 5 3 5 . 0 0 4 4 .7 1 5 3 . 1 3 36 .3 1 3 1 . 0 0 36.60
p i . 65 1 6 . 2 9 1 9 . 4 2 2 4 . 1 5 2 0 . 1 9 1 9 . 8 3 2 4 . 6 5 2 6 . 0 9 1 5 .3 6 1 9 . 0 6 18.16
M 2 .6 4 1 2 . 3 7 1 1 . 0 2 9 .0 0 8 . 0 9 1 3 . 6 9 9 . 0 5 1 0 . 3 2 9 . 9 9 1 1 .6 2 8.11
1 7 . 7 0 18 .0 6 1 9 . 3 6 1 3 . 1 8 1 8 . 2 0 1 7 . 5 5 19 .6 0 1 7 . 1 0 1 6 . 0 9 17 .1 3 18.35
M 7 . 7 5 15 .3 6 1 7 . 0 9 1 9 . 2 3 1 6 . 4 5 1 6 . 9 3 1 3 . 2 2
23 .9 6
1 9 . 3 6
3 0 . 5 0
17.1 1
11.16
1 7 . IE 
2 7 . OE
23.55
1 8 . 3 :3 0 . 8 7 2 5 . 9 0 30 .0 1 2 6 . 0 0 3 2 .7 0 2 8 . 9 3
M 3 . 7 7 2 2 .2 1 1 2 .6 1 1 2 . 7 3 15 .4 7 1 3 . 9 3 1 0 .6 3 1 2 . 3 3 1 1 . 5 9 13 .0 1 14.15
M 5 .4 0 1 2 . 3 3 1 4 . 5 9 10.01 1 4 . 9 2 1 3 . 3 2 21 .2 1 1 6 . 7 5 1 0 .8 4 11 .7 5 1 1 . 6 '
Î2 3 .24 2 0 . 0 5 1 6 . 3 5 1 2 . 7 8
9 .1 6
1 6 .3 0
2 0 . 6 3 2 3 . 6 0 1 0 . 1 5 1 5 . 2 9 1 8 . 4 5 2 6 .9 5 2 7 . 3 :
121.67
».
1 3 . 9 9
2 0 . 0 8
1 3 . 9 2
Ï 5 ] 7 f
10 .7 3
1 9 . 6 3
1 3 . 3 4
1 1 .9 3
1 6 .1 5
1 1 .8 0
1 3 . 4 0
1 7 . 6 3
10 .0 0
1 9 .4 8
1 1 .3 3
19 .1 5
1 2 . 9 '
15.71j l 9 . 1 6
|2 2 .9 9 1 5 . 4 5 2 8 . 8 0 1 5 . 7 8 2 1 . 7 5 15 .2 6 19 .1 6 1 2 . 5 0 1 5 . 6 3 2 2 . 6 5 18.21
j l 4 . 1 8 1 1 . 6 5 1 7 . 7 6 1 5 . 3 5 17 .1 6 1 6 . 6 5 1 4 .5 0 1 7 .2 1 1 6 . 7 2 1 8 .8 1 13.21:
; i 5 . 6 ^ 1 2 . 6 5 2 3 . 3 0 1 3 .2 0 2 0 . 3 8 1 7 . 1 4 2 0 . 1 9 1 8 . 3 5 2 4 .5 6 1 4 . 2 5 15.15;
M 3 . 1 0
V
1 1 . 9 9 2 0 . 6 9 1 0 .7 7 1 5 . 6 5 1 0 . 9 2 1 5 . 3 5 12 58 1 8 . 8& 1 5 . 7 3 10.3 4
2 9 . 8 5 1 8 . 7 2 1 4 .6 6 1 6 . 0 8 1 1 . 9 8 1 8 . 3 2 1 4 . 1 7 1 6 .3 1 1 2 .0 7 1 8 .6 1 29.21:!
1 i
!i
!
i1 1
i ■ 1
Î-----------
i i
!
ii 1i
1
!
s
cont’d,
Xlll,
23 24 25 26 27 28 29 30 31 32 !
4 5 . 5 4 23.06 35.20 25 .75 3 0 . 2 8 5 3 . 5 0 2 0 . 0 7 30^92 , .30.R.2
1 3 . 2 3
1 1 .6 4  
9 . 3 4  ,10 .4 1 9 . 7 : 7 .9 5 12.11 10.65 1 4 . 1 9 8 . 7 9 1 6 . 0 2
8 . 9 5 1 0 . 3 9 1 0 . 3E 13.11 10.1C 1 0 . 3 6 8 . 0 0 7 . 0 5 9 .5 4 9.81
2 0 . 2 0
2 7 . 1 5
1 7 . 2 9 1 6 .9 0 16.15 11.55 1 7 . 7 2 1 6 . 0 3 1 7 . 8 5 19.61 1 6 . 0 2
30.86 2 8 . IE 30 .91 18.06 2 7 . 3 1 3 0 . 3 4 2 3 . 5 0 2 2 . 0 3 2 1 . 2 8  :j
1 5 .0 0 3 2 . 7 ' 2 3 . 0 6 22.85 28.65 2 6 . 4 0 2 8 . 8 4 2 8 . 9 5 14.8 1 1 9 .7 6  i
1 3 . 6 5 1 5 . 7 9 8 .7 3 15.3 4 12.64 1 0 . 3 2 13.0 1 6 . 4 5 9 . 9 2 10. 02 !------------1
14 .2 1 1 0 . 0 : 19 .9 2 18.75 24.15 8 . 7 5 1 3 . 8 3 7 . 6 5 1 0 . 1 2 8 . 9 9 |
1 3 . 7 5 22.76 1 2 .8 0 11.55 12.01 1 2 . 1 5
' “ 9795
1 5 .0 0
T ï ï T F f
9 .8 1
l î 7 5 i '
1 5 .6 0 1 6 . 3 9  1
■ i
1 2 .4 0 14.1C 1 9 . 1 3 11.81 10.64 10 .0 0 2 4 . 9 9
3 5 . 7 6 4 9 . 4E 4 5 . 0 9 3 7 .0 1 6 3 . 0 0 1 8 . 3 3 2 5 .9 1 2 5 . 7 9 3 1 . 5 0 2 0 . 5 7  j
2 0 . 8 9 2 1 .0 1 1 5 . 2 3 2 4 . 5 2 2 4 .1 5 2 5 . 5 0 2 3 . 3 7 1 7 . 6 9 1 1 .9 4 2 4 . 4 8
1 2 . 7 9 1 1 . 2C 1 8 .0 0 1 6 .2 5 1 5 .3 4 2 3 .0 1 1 5 .0 0 1 0 . 0 2 1 0 . 1 3 1 1 . 3 8
1 7 . 0 8 17 .1 6 1 8 . 1 5 17,61 16 .6 5 1 9 .3 6 1 9 . 2 4 17.71 16 .6 7 16 .4 6 " ;
19 .6 1 1 5 . 6C 14.71 2 4 .0 6 1 5 .3 6 1 4 . 1 0 2 0 . 0 9 1 2 . 2 0 17 .1 4 1 8 . 3 4  1
2 1 . 4 8 2 3 . 0 6 2 2 . 5 8 2 2 . 3 0 2 7 .0 5 3 5 . 0 0 3 0 . 6 0 2 3 . 1 3 2 4 . 6 0 1 4 . 9 9 i
1 2 . 6 7 14 .9 3 1 2 . 5 8 1 0 .2 6 9 .9 5 1 9 . 1 0 1 5 . 1 5 1 2 . 3 4 2 4 . 9 9 1 4 .1 6  1
1 4 . 6 0 1 0 .5 0 21 .7 5 12 .6 0 2 3 . 4 3 2 1 . 2 0 1 2 .4 7 1 4 . 4 7 1 2 . 9 3 8 . 6 3 .
18 .0 61 2 . 8 0 2 3 .6 5 2 3 . 1 5 19 .1 5 1 9 .8 3 2 5 . 0 0 1 4 .3 6 1 9 . 8 9 17 .1 6
1 2 .1 0
1 8 . 4 5
2 0 . 9 5
2 0 . 0 0
TÏ’78G
1 3 . 5 9
2 0 . 4 0
2 1 . 1 8
1 2 .3 2
1 3 .7 5
2 3 .2 2
19 .2 1
16.01
1 8 . 6 5
2 0 . 7 5
2 2 . 9 9
1 2 . 0 9
1 4 .6 0
1 8 .0 6
23 .7 1
1 0 . 2 0
2 3 . 9 9
1 2 . 9 3
2 1 . 4 0 1 0 . 8 4 .
1 4 . 7 9
1 9 . 6 3
1 5 . 2 7
1 6 . 2 9
1 7 . 0 91 9 .1 1 1 9 . 2 3 1 9 . 5 8 1 5 .3 6 1 6 .4 3 1 6 . 9 3 2 0 .1 1 2 3 . 5 0 19.31
' 3 2 .1 1 1 7 . 6 0 1 4 . 2 5 20*61 14*50 1 6 * 7 9 19*81- 1 9 ;  10 12*2 5 1 7 * 2 2 '
, 1 1 . 5 0 3 2 . 5 0 1 0 . 5 5 1 2 . 2 0 12 .9 2 1 8 . 2 0 1 3 . 4 0 1 5 .0 0 1 0 . 3 3 1 3 . 9 9 '
’ 1 6 . 1 7 3 0 . 7 5 1 6 . 6 9 2 4 . 4 4 20 .4 0 1 5 .1 6 1 7 . 7 2 1 3 .6 6 2 1 . 9 0 2 0 . 2 4  ,
■ 11
•
•
XIV.
SUBJECTS - BRITISH MEN
1 2 3 4 5 6 7 8 ' 9 10 11
1 1 1 2 . 8 6 7 . 5 0 10 .8 0 6 . 7 5 1 2 .7 0 1 1 . 6 5 1 0 . 1 3 1 1 .1 7 1 4 . 9 3 18.66 10 .9 7  ;
2 1 2 . 7 7 1 0 . 1 3 9 .6 6 7 . 9 4 1 2 .3 4 1 0 . 9 9 9 .8 1 9 . 7 8 8 . 7 2 14.36 13.20
3 1 2 .0 3 1 3 . 0 0 1 0 . 3 9 10 .41 1 0 . 0 0 9 . 6 4 9 . 9 2 1 3 . 7 9 1 0 .6 6 8 . 7 9 9 .7 2
4 1 3 .0 3 1 3 . 1 4 18 .16 1 4 .0 0 1 3 . 0 5 1 2 .0 0 1 7 . 0 9 1 0 .5 7 1 2 . 5 9 1 3 .9 5 1 3 .0 9
5 2 0 . 3 4 1 5 . 4 0 1 0 . 0 8 10.81 9 . 9 9 15 .81 1 4 . 3 5 1 6 . 3 9 1 4 . 0 2 10.01 1 7 .7 7
6 6 . 5 4 6 . 0 5 8 . 0 0 8 . 3 2 7 . 1 0 1 0 . 1 7 8 . 7 2 6 . 6 8 7 . 0 1 6 . 0 0 5 .6 0
7 1 2 . 8 4 1 0 . 9 0 1 4 .1 8 12 .8 6 1 4 . 7 0 8 . 5 0 7 . 7 0 7 . 7 5 1 2 . 5 9 1 1 .1 7 ' 9 . 9 2
8* 7 . 9 9 9 . 0 0 7 . 1 7 7 . 2 4 8 . 3 9 5 . 5 3 1 0 . 3 9 7 . 2 8 4 . 5 7 5 . 7 5 7 . 0 0
9 1 0 .4 6 1 0 . 0 4 10.81 11 .6 1 1 0 . 4 4 1 2 .7 6 8 .3 1 1 0 . 7 2 1 1 . 0 4 1 0 . 7 9 6 . 7 5
10 1 2 .3 6 8 . 3 4 1 1 .8 4 9 . 5 0 1 4 . 9 9 8 . 0 3 1 1 . 2 0 1 2 . 2 3 1 0 . 2 4 12.01 1 0 .9 9
11 9 .4 6 8 .0 1 8 .8 1 12.61 8 . 4 6 7 . 9 9 1 3 . 9 9 7 . 9 2 1 5 . 0 0 18.66 9 . 9 7
12 15.. 73 1 3 . 5 8 1 8 .0 0 1 3 . 0 0 2 4 . 3 8 1 2 . 4 8 1 7 . 3 0 1 3 . 3 2 1 2 . 2 0 1 0 .8 6 2 0 .5 0
13 1 5 . 9 5 1 1 . 2 7 1 2 . 0 9 1 8 . 5 8 1 0 . 3 3 1 0 . 2 5 9 .0 1 9 . 2 2 9 . 2 2 9 . 5 3 1 7 . 2 2
14 1 2 .5 0 1 0 . 4 0 8 . 6 2 1 2 .4 0 1 6 . 0 0 9 . 7 0 1 2 . 2 8 8 . 4 0 1 2 . 0 9 2 0 . 6 0 8 .61
15 1 2 . 7 3 1 4 .0 1 13 .1 6 1 0 . 9 3 1 0 . 1 4 1 4 . 1 5 1 2 . 5 8 1 1 .6 0 1 3 .0 1 2 2 .1 6 1 4 .0 0
; 16 1 4 .7 4 1 4 . 5 7 1 5 . 9 9 1 3 . 9 9 2 2 . 3 7 1 4 . 4 8 1 8 . 3 0 14.01 1 1 . 1 2 1 5 .0 3 1 2 .06
17 9 . 2 8 1 1 . 3 9 8 .01 7 . 2 0 5 . 4 2 6 . 2 4 8 . 0 0 7 . 6 7 4 . 7 2 4 . 9 9 7 . 7 4
18 1 1 . 3 9 9 . 3 0 8 .0 0 7 . 1 9 7 . 2 4 9 . 1 3 7 . 1 5 8 . 9 9 8 . 1 4 8 . 7 2 9 .1 7
19 1 1 .0 1 1 7 . 0 0 16,66 2 1 . 9 3 1 1 . 1 5 1 0 . 1 2 1 0 . 8 7 12 .96 6 . 3 1 1 0 .7 5 1 1 .0 0
20 1 2 . 6 7 9 . 3 5 1 1.00 9 . 5 0 1 4 . 0 0 9 . 0 3 1 3 . 0 0 7 . 9 6 1 2 . 3 2 12.76 1 0 .1 4
21 2 1 . 2 5 2 1 . 0 0 1 3 .4 0 1 9 .1 6 2 0 . 4 4 2 1 . 6 9 1 6 . 1 4 2 5 . 7 0 2 9 . 3 0 2 0 . 7 0 14.31
22 1 0 .4 0 9 . 0 0 9 .6 4 8 . 7 2 1 5 . 0 0 1 5 .1 1 1 0 . 6 7 1 0 . 6 2 1 1 .1 1 1 0 . 9 9 1 0 . 3 9
23 1 0 .4 6 1 0 . 0 4 1 0 .7 8 1 2 .6 6 9 . 4 2 1 3 .7 6 1 2 .9 6 7 . 4 0 1 1 . 6 0 1 1 . 5 4 1 2 .0 0
24 1 0 . 0 3 1 3 . 1 2 1 7 .6 0 2 0 . 3 3 1 6 . 6 9 1 8 . 5 0 1 7 .6 1 1 3 . 3 2 1 2 . 4 8 2 0 . 3 0 1 9 . 2 4
25 1 1 .0 6 1 2 . 7 9 7 . 4 0 1 8 . 9 8 1 1 . 8 3 1 4 . 1 9 1 5 . 1 5 1 5 . 6 5 9 .8 1 7 . 3 9 7 . 5 9
26 14 .11 1 6 . 1 8 1 1 . 2 2 1 0 . 5 3 9 . 9 9 1 1 . 3 5 1 0 . 9 9 1 2 . 0 3 1 3 . 0 0 9 . 3 9 11.41
27 1 0 .6 0 9 . 3 7 1 2 .6 2 1 0 .8 7 9 . 0 3 14.01 9 . 5 0 1 3 .2 0 8 . 6 9 7 . 0 0 2 0 . 6 2
28 5 .1 1 9 .1 1 1 6 .0 0 1 0 . 0 2 1 1 . 2 3 1 1 . 0 4 1 0 . 9 7 1 2 . 3 9 8 . 1 9 10 .71 1 0 . 9 7
29 9 . 0 0 1 1 . 4 5 12 .6 0 1 0 . 7 8 9 . 0 5 9 . 4 4 1 2 .7 6 9 . 7 2 1 0 . 9 0 7 . 4 0 6 . 7 0
30 1 1 .2 6 9 . 0 4 8 . 5 2 13 .8 6 1 0 . 6 0 1 2 . 7 5 1 0 .4 6 1 2 . 7 9 9 . 7 2 8 .2 1 1 1 .1 4
31 9 . 9 9 1 1 . 1 3 1 9 .5 9 2 2 . 8 8 2 3 . 6 3 1 1 . 3 9 1 9 .2 1 1 7 . 4 8 2 0 . 7 3 2 1 . 7 2 1 4 . 2 9
32 1 2 .0 6 9 . 6 2 1 3 . 3 9 1 2 . 0 7 1 0 . 2 0 9 . 9 7 9 . 1 3 8 .7 1 8 . 2 4 8 . 1 9 7 . 9 9
33 1 8 . 7 2 2 0 . 2 0 1 9 .6 0 2 3 . 4 8 2 4 . 1 5 1 6 . 9 3 2 0 . 9 0 2 0 . 8 5 1 6 . 1 9 2 5 . 0 0 2 5 . 0 7
34 1 1 . 4 5 9 . 8 5 1 0 .0 0 1 2 . 6 2 1 2 . 4 2 1 2 .7 6 8 . 7 2 7 . 3 1 6 . 4 5 7 . 9 0 9 . 6 0
35 2 0 . 2 8 1 6 . 5 8 1 4 .1 8 1 6 .2 0 2 1 . 3 7 9 . 9 9 1 3 .0 1 1 8 .0 0 2 0 . 2 0 9 . 1 9 1 3 . 3 2
36 2 1 . 8 6 2 5 . 6 3 1 9 .2 0 1 7 .6 6 1 1 . 8 8 1 4 . 2 0 1 6 . 1 8 1 3 . 6 7 1 0 . 1 0 1 2 . 1 3 2 0 . 5 9
37 1 2 .5 6 2 0 . 5 9 1 6 .2 2 1 1 . 6 0 1 2 . 5 7 19 .8 1 1 0 . 9 9 1 2 . 5 0 1 2 . 6 2 1 6 . 6 3 1 8 . 4 5
38 1 6 . 8 0 1 8 . 5 0 1 2 .2 0 1 5 .5 6 1 9 . 6 0 1 2 . 0 2 1 3 . 8 4 T 4 . T 5
15.-95- 1 U .3 T
cont’d,
XV,
12 13 14 15 16 17 18 19 20 21 22
7 . 3 9 10.90 9 . 1 0 6 . 6 9 11.56 8 . 9 2 7 . 9 0 6 : 4 5 8 . 6 9 8 . 2 6 7 . 9 0
1 4 . 6 7 1 0 . 9 9 1 7 . 1 7 9 . 0 5 7 . 1 0 6 . 9 9 21 .6 2 8 . 0 3 8 . 6 9 1 8 . 0 0 1 8 . 6 3
8 . 9 9 1 0 .2 4 10.71 9 . 1 9 12.13 1 4 . 2 4 1 5 . 2 0 7 . 6 9 1 6 . 3 7 1 2 . 1 9 9 .9 7
1 0 . 9 9 1 1 .0 0 10 .31 1 4 . 9 9 13.32 1 3 . 9 2 2 5 .0 1 1 0 . 6 0 1 2 . 5 4 1 3 . 5 4 1 2 . 6 5
1 0 . 3 5 1 1 . 0 9 1 3 . 2 8 1 4 . 4 9 10.68 1 5 .6 0 1 8 . 3 9 1 1 . 8 8 1 1 . 6 2 1 3 . 0 9 7 . 2 2
7 . 1 9 8 . 0 4 8 . 1 4 7 . 9 9 8 . 9 9 7 . 1 6 6 . 3 4 6 . 9 9 7 . 1 4 7 . 2 3 9 . 1 3
7 . 5 0 11555 1 1 . 9 7 7 . 6 9 7 . 7 5 1 0 . 8 2 1 1 . 1 7 1 7 . 7 2 9 . 3 9 1 1 . 9 0 1 4 .9 3
4 . 3 2 3 . 1 0 7 . 1 8 6 . 1 9 6 . 0 4 5 . 5 9 4 . 9 9 6 . 3 4 5 . ? 4 5 . 6 8 5 .0 1
1 0 . 7 0 1 3 . 6 5 9 . 1 0 5 .9 0 5 . 3 9 1 0 .8 6 1 0 . 1 3 7 . 4 9 9 . 9 7 1 1 . 1 7 2 0 . 9 3
1 1 .8 1 1 0 . 3 4 9 . 7 5 1 0 . 7 2 16.39 1 1 . 7 7 9 . 1 3 9 . 4 5 1 3 . 2 0 8 . 1 4 1 4 .6 7
7 .3 1 9 . 9 5 5 . 7 5 1 0 .7 0 8 .8 6 7 . 5 0 1 0 . 6 5 7 . 6 4 1 2 . 8 0 8 . 1 0 9 . 1 3
2 2 . 8 8 1 1 . 7 2 1 5 . 9 9 1 1 . 0 9 16.22 1 6 . 6 3 1 4 . 1 5 1 4 . 4 5 1 5 . 9 2 1 6 . 2 5 1 7 .4 0
1 3 . 0 9 1 0 . 4 0 1 0 . 0 8 1 2 .0 2 9 .01 2 1 . 3 4 9 . 3 5 9 . 0 9 9 .8 1 1 5 . 7 7 9 . 9 9
1 0 . 2 7 1 5 . 2 5 1 5 . 0 9 9 . 3 3 8 . 2 2 1 6 . 9 5 1 6 . 2 5 8 . 2 5 8 . 7 5 1 0 . 0 0 1 0 . 0 8
1 2 . 5 7 9 .8 1 1 2 . 9 9 1 3 .5 0 13.62 1 0 .7 0 1 5 . 9 3 1 4 . 9 0 16 .10 1 9 . 6 0 1 4 .2 6
2 0 .7 1 2 0 . 2 2 1 6 . 6 2 2 0 . 2 2 13.00 1 7 . 2 2 1 2 . 5 0 1 6 .4 0 1 5 . 2 0 1 2 . 8 2 1 6 . 4 5
5 . 6 9 6 .00 7 . 2 0 6 . 0 4 5 .6 0 6 . 5 6 6 . 6 5 7 . 0 0 7 . 3 2 6 . 1 0 9 . 1 7
6 . 7 5 8 . 9 9 7 . 3 2 6 . 5 7 8 . 1 0 6 . 6 8 8 . 6 1 4 . 9 9 5 . 6 0 7 . 1 7 8 . 0 3
10 .8 1 9 . 2 5 5 . 7 5 5 . 3 9 1 0 .4 6 9 . 0 4 1 1 .8 1 1 1 .6 1 1 1 . 4 4 6 . 4 2 1 1 . 0 0
9 .6 6 1 1 . 0 0 10.01 9 . 7 8 8 . 7 2 16 .3 6
1 8 . 2 5
1 1 . 2 0 1 4 . 0 7 1 1 . 0 0 1 7 . 7 7 8 . 8 7
1 2 . 0 7 20 .6 1 1 9 . 4 5 1 6 .6 0 1 4 .7 3 1 4 . 5 2 3 0 . 0 0 2 1 . 4 8 2 2 . 4 7 1 6 .0 0
111.79 9 . 6 6 8 . 9 9 9 . 2 4 8 . 7 9 8 . 7 2 1 3 . 0 0 1 5 . 3 7 1 1 . 1 9 7 . 7 6 1 0 .7 1
1 9 . 5 2 6 . 5 5 11 .70 7 . 0 0 1 2 .0 0 1 0 . 6 5 1 0 . 1 4 1 0 . 1 7 1 7 . 9 2 8 . 1 0 2 0 . 6 6
|2 1 .7 1 1 6 . 6 3 1 7 . 2 3 1 0 . 0 9 1 5 .9 9 1 4 . 7 3 1 0 . 5 8 18 .0 1 1 0 . 0 0 1 4 . 3 8 9 . 2 5
;|14 .80 2 1 . 6 8 1 6 . 6 5 7 . 0 5 8 . 7 4 7 . 3 7 9 . 3 5 1 7 . 5 0 6 . 9 0 1 7 . 5 0 1 6 . 9 0
J12.20 1 5 . 3 7 1 0 . 0 2 9 . 6 2 8 . 6 9 9 . 9 2 1 3 . 7 9 1 4 . 2 4 1 4 . 2 0 1 0 . 6 5 9 . 7 8
1 7 . 9 0 1 0 . 9 8 8 . 9 7 1 0 .7 3 1 2 . 1 7 9 . 6 6 1 1 . 3 4 9 . 8 2 1 7 . 0 9 8 . 7 2
1 2 . 7 9 7 . 6 6 1 4 . 0 8 9 . 9 2 1 1 .2 0 1 4 . 6 3 1 2 . 1 4 2 0 . 1 6 9 .4 1 8 . 0 0 8 . 6 4
8 . 0 0 1 0 . 5 0 1 1 . 0 4 9 .3 1 8 .2 6 1 2 . 7 5 1 1 . 5 5 1 0 . 2 3 1 1 . 1 7 7 . 5 9 6 . 4 5
1 0 .5 6 9 . 6 9 1 1 . 8 0 9 . 7 5 1 3 .7 0 1 5 . 6 5 1 6 . 1 3 1 1 . 7 0 1 0 . 3 7 7 . 9 2 1 0 . 6 0
1 1 . 7 0 1 6 .0 1 1 4 . 4 5 1 0 . 9 2 1 5 . 6 3 1 6 . 6 2 1 7 . 3 5 10 .7 1 2 1 . 2 5 1 8 . 6 8 1 1 . 0 9
8 . 7 2 8 . 2 9 14 .0 1 8 . 7 8 1 5 .2 4 1 9 . 7 0 2 1 . 2 2 1 9 . 1 2 1 5 . 5 7 1 4 . 4 8 1 1 . 1 2
1 6 . 4 0 1 3 . 7 5 2 0 . 6 9 19 .81 1 8 .2 0 1 7 . 3 1 1 6 . 2 5 1 9 . 0 8 1 4 . 9 0 2 0 . 3 7 2 2 . 4 4
1 3 . 8 0 1 0 . 5 0 7 . 9 0 1 1 .0 6 9 . 9 0 1 7 .6 6 1 7 . 3 9 1 1 . 8 0 9 . 7 5 1 1 . 1 8 8 . 1 0
1 1 . 9 9 1 3 . 6 7 1 1 . 1 0 1 1 . 1 3 2 1 . 5 9 1 2 . 7 0 1 2 . 8 8 2 4 . 6 3 1 2 . 3 8 1 8 . 4 8 2 6 . 7 3
1 3 . 7 0 1 1 . 7 9 1 3 . 5 9 1 1 . 9 9 1 0 . 9 9 2 0 . 3 7 1 9 . 0 0 2 0 . 1 8 9 .2 1 1 5 . 2 9 1 7 ,5 1
1 3 . 4 2 1 3 .8 1 14 .0 1 1 2 . 2 5 1 2 .4 0 '12 .02 3 1 . 5 1 1 4 . 1 5 1 0 . 1 5 2 2 . 6 6 1 3 . 0 0
T4.LJD' TDT39 12.81 T3‘. T4' T 2 :59 " 2 5 .0 1 1 6 .0 1 1 4 . 5 7 2 2 . 1 1 1 1 . 9 2 1 2 . 6 5
cont* d..••
23 24 25 26 27 . 28 29 30 31 32
1 0 . 6 0 1 1 . 0 4 8 .3 1 9 . 7 2 13 .7 6 9 . 4 3 12.61 • 0 . 8 1 9 . 0 4  • 1 .4 6
1 0 .2 4 1 2 .0 0 1 0 . 2 3 1 3 .2 0 9 . 0 3 1 3 . 9 9 9 . 5 0  ■0 . 8 4 9 . 3 4  ■2 . 6 2
1 1 . 2 0 1 4 . 0 7 1 2 . 3 9 1 1 .0 0 1 1 . 3 4 1 1 . 2 3 10.52  ' 0 . 1 7 16.00 ' 4 . 1 1
2 0 . 0 4 18.01 1 0 . 6 9 1 1 .2 4 1 3 . 0 3 1 6 . 9 0 12 .4 9  • 
19 .58  •
9 . 7 3 13.01 • 2 . 9 0
1 0 . 5 3 1 0 . 2 2 1 0 . 2 2 14.01 1 1 . 0 5 9 . 3 3 1 . 0 9 11.27 ' 5 . 9 3
8 . 7 3 5 . 7 2 8 .5 7 9 .0 0 7 . 2 4 8 . 4 2 7 . 2 0 7 . 9 9 10.39  ' 0 . 2 8
1 9 .6 6 8 . 9 0 1 0 . 0 4 9 .1 0 1 4 . 6 9 7 . 2 6 7 . 1 2 9 .6 6 7 .3 1 6 . 4 5
5 . 9 9 6 . 1 4 5 . 2 3 6 . 1 4 1 9 .1 3 4 . 7 3 2 . 7 4 6 . 1 6 5 . 9 9 5 . 9 9
17.66 6 . 6 9 1 1 . 5 5 7 . 4 5 8 .9 1 6 . 9 0 16 .6 0 7 . 9 0 8 . 2 4 8 . 7 2
1 1 . 1 7 1 5 . 9 9 1 9 . 0 5 2 0 . 0 2 8 . 6 3 7 . 2 0 7 . 0 0 8 . 6 9 16.00  ■2 .6 6
10 .1 7 6 . 7 9 1 0 . 5 5 5 . 2 5 7 . 6 9 7 . 5 0 6 . 9 0 8 . 6 0 6 . 9 0 7 . 9 2
10 .6 6 21 .7 1 1 9 . 2 2 1 7 .6 3 18.4.8 1 1 . 3 9 25 .6 3 9 . 6 0 11.21 ' 0 . 0 1
2 6 .8 1 1 4 . 3 0 3 6 . 4 0 1 2 . 2 8 1 2 . 4 9 9 . 6 9 5 . 6 0  • 2 . 8 8 10.62  ■8 . 4 0
, ^ 2 . 6 2 8 . 8 9 2 0 . 7 0 9 . 4 5 7 . 0 9 11 .8 1 25 .8 0  :! 5 .8 1 13 .30  :29.00 1
|12 .0 4 1 1 .9 0 1 9 . 7 9 2 4 . 9 9 13.8 1 1 3 . 4 0 1 8 .4 8  ■6 . 0 3 26 .2 2 0 . 5 9  :
p 5 . 0 0 13 .0 6 1 5 . 8 9 1 4 . 9 2 1 6 .3 2 1 7 . 4 2 1 7 .4 8  :10 .59 15 .3 9 7 . 3 9
I 5 . 1 4 7 . 4 0 5 . 3 4 7 . 9 9 6 . 1 6 5 . 9 9 1 1 . 1 4 7 . 2 3 7 . 1 3 7 . 7 3  ;
1 7 . 9 9 6 . 5 0 7 . 0 0 7 . 0 0 8 . 7 5 5 . 8 5 8 . 9 7 7 . 2 3 8.41 8 . 5 9  :
1 3 . 6 5 7 . 5 0 1 0 . 0 2 8 . 7 2 6 . 4 5 9 .8 1 6 . 3 8 1 . 0 0 6 . 9 7 8 . 2 5
7 . 1 0
1 9 . 1 2
2 1 . 7 0
2 0 . 6 7
6 . 9 9
2 5 . 8 5
9 . 0 3
1 4 . 6 8
7 . 6 9
1 6 . 0 8
1 0 . 2 4
1 2 . 0 0
1 8 .0 0
1 8 .7 0
11.01
2 . 0 0
8 . 3 0
2 . 0 2
1 8 .8 3
20.40
11.03
0 . 5 6
7 . 0 0
1 . 0 79 . 1 9 1 1 . 1 3 1 3 . 2 5 1 1 .0 0 9 . 9 7 1 4 . 0 7
8 . 9 7 8 . 7 5 8 . 7 5 7 . 4 0 1 0 .9 0 10 .0 1 6 . 9 0 8 . 0 0 10.00 6 . 4 5
1 0 . 9 0 2 1 . 8 8 2 0 . 4 6 1 2 . 7 2 1 4 . 1 5 1 0 . 6 4 15 .4 5 14.92 17.42  • 6 . 2 5
1 6 .0 6 7 . 1 9 1 9 . 1 9 8 . 6 5 8 . 2 3 1 4 . 2 4 6 . 0 5 8 . 4 3 21.41 ■9 . 9 0
9 . 7 2 8 . 9 9 9 . 2 4 1 0 . 1 9 10 .71 1 2 . 1 3 10 .9 7 i 1 . 2 0 13.07 2 . 3 9
19 .0 6 1 4 . 3 5 15 .2 1 1 4 .0 7 8 . 9 9 1 6 . 0 0 18 .6 3 12.24 12.03  ■10.20
7 . 8 9 9 . 7 2 8 . 1 3 8 . 9 9 1 0 . 2 4 15 .2 1 1 4 .2 3 1 . 1 9 15.37 8 . 6 9
1 4 . 9 3 1 9 .6 6 9 . 9 7 7 . 9 0 7 . 2 9 1 0 . 5 0 11 .26 9 . 9 2 7 . 0 0 9 . 1 0
1 9 .6 6 1 4 . 4 3 7 . 9 9 1 0 . 8 9 9 .1 1 6 . 9 0 7 . 9 3 6 . 5 4 8 . 6 0 8 . 2 3
1 3 . 3 2 9 . 2 0 1 7 . 9 9 13.01 1 0 . 0 0 2 1 . 3 6 1 6 . 2 3 14.15 1 2 .5 8 24.28
2 0 . 9 9 1 6 . 9 9 7 . 7 9 8 . 9 2 1 0 . 2 4 1 0 . 2 0 8 . 3 7 11.03 9 . 6 5 10 .7 9
2 0 . 9 2 2 4 . 5 0 2 5 . 6 9 1 6 .7 0 2 1 . 6 2 2 4 . 6 5 2 0 . 9 9 16.65 2 1 .7 0 13.81
1 4 7 ^7 . 6 9 1 2 . 7 0 6 . 6 9 9 .9 6 8 . 6 2 7 . 2 6 1 1 . 6 5 11.13 1 1 .9 7
1 5 . 7 2 1 5 . 2 9 17 .0 1 1 5 . 4 5 1 1 . 9 2 1 6 . 6 3 1 6 . 0 0 17.35 1 0 .7 3 21.85
1 4 . 9 5 1.1.92 1 5 . 6 3 16.00 1 1 . 7 2 1 6 . 3 5 11.48 9 . 4 8 20.73 : 1 . 7 2
10.71 19 .5 6 1 1 . 9 3 1 2 .9 0 1 4 . 3 0 1 2 . 0 5 1 1 . 9 0 19 .7 9 2 5 .0 0 16.10
12.01 2 2 . 7 9 1 9 .9 0 13 .9 4 1 1 .5 8 1 2 .1 6 1 4 . 9 8 12.54 16.31 9 . 3 5
XVll.
■ B R IT IS H  MEN
Î' 1 2 3 4 5 6 7 8 9 10 11
1 9 . 7 ' 1 4 . 8C 2 8 . 9( 34 .8 4 2 6 . 4C 1 3 . r 18.65 2 5 .0 0 1 6 . 2EÎ 1 4 . 2C 21 .3 1
3 40 16 .9 : 10 .2 7 19.51 9.32 1 0 . 8E 1 0 . 8 ' 9 .  IE 11.01 16.7 7 10.53 1 1 .2 6
!'41 9.5C 1 1 .2 4 1 1 . 8 7.2C 7 .0 3 1 9 . 0 : 18.05 1 4 .9 9 10.1 7 13.01 7 . 1 4
.|42 
!---
1 8 . OC 2 1 . 8 4 1 0 .7 / 2 1 . 2E 1 7 . 5E 12.95 13.01 1 5 .2 9 1 2 . 1 3 !  21 .20 2 1 .0 1
:|43 1 0 . 4 : 1 5 .7 9 1 0 . 6 ! 1 4 .2 5 15 .2 3 1 1 . 2C 16.  OC 1 2 .0 4 13 .0 1 10 .3 8 9 . 0 0
2 8 . 8C 2 0 . 1 5 24,66 1 4 .1 5 1 4 .8 5 19.93 18 .6 3 2 3 . 8 9 1 2 .3 6 2 0 . 3 6 2 0 .4 5 .
:45 18.46 1 3 . 4 0 2 5 . OC 1 9 . 7 9 1 1 .8 8 19.9C 1 5 .1 0 1 2 .0 6 1 2 .7 4 1 3 .1 7 1 0 . 9 2
'■ 46 20.41 9 . 4 3 7.05 1 3 . 2 4 8 . 2 3 19.20 8 . 6 4 8 . 1 9 1 6 .0 6 1 6 .9 0 1 6 . 5 0
•47 11.35 1 5 . 0 9 15.15 9 . 3 4 9 . 2 3 1 5 .1 1 1 0 . 5 2 1 2 .0 0 1 5 . 3 7 1 6 . 1 3 1 1 . 9 7
 ^ 48 18.45 11.01 10.85 2 2 . 0 8 1 0 . 8 5 1 9 .1 6 2 1 . 9 2 14.71 9 . 9 5 1 7 .1 3 1 1 . 4 8
49 19 ,65 19 .8 1 1 8 . 2C 17 .31 1 3 .7 6 16.35 2 5 . 0 5 1 6 . 1 9 24.981 1 9 . 8 5 1 7 . 7 2
50 11.56 1 7 . 8 3 1 4 . 9E 1 5 .0 0 1 0 . 9 9 14 .07 7 .9 E 1 2 .9 8 9 .0 4 |  1 0 .9 9 9 .5 1
51 1 4 . OC 1 4 . 4 0 10.15 1 4 .2 4 1 0 . 2 3 14.13 1 0 . 5 0 1 1 .0 0 9 . 9 7 9 .1 7 8 . 6 6
52 9. 35 1 0 . 9 8 16.71 1 9 . 1 8 10 .0 1 15 .7 7 9 . 5 3 9 .2 6 11.01]  9 . 2 3 1 2 . 9 3
'5 3 16.85 1 8 . 4 5 13.2C 1 5 . 5 0 2 0 . 6 0 1 3 .0 2 1 4 . 8 4 1 4 . 1 9 13.15;  1 4 .9 0 9 . 3 2
'54 23 .4 4 1 0 . 9 8 20.01 1 9 . 8 9 1 7 . 16| 18.06j  1 4 .3 6 2 7 . 0 9 24 .6 5 :  2 3 . 6 51 1 7 . 3 5
55 16 .3 1 1 0 . 5 2 1 0 . OC 1 0 . 1 2 1 4 . 2 3 2 0 . 6 6 1 1 . 6 4 2 0 . 1 9 2 5 .0 0 j  12 .81 1 2 . 6 0
\56 1 5 . 3C 1 7 . 1 3 8.15 1 0 . 0 8 7 . 7 0 1 1 .2 5 1 4 . 4 0 7 . 6 2 14 .2 3 j  1 0 .4 0 1 0 . 0 0
■;57 19.35 1 6 . 3 2 1 2 . 5 ; 1 4 . 9 9 1 2 . 1 5 1 1 .6 0 1 3 . 9 2 2 5 . 0 2 1 2 . 6 0 1 3 . 1 5 1 2 . 8 0
::58 10.4 5 1 0 .0 4 11.71 12.71 8 . 4 3 1 2 .7 6 8 . 7 2 7 .3 1 1 0 . 0 4 9 . 8 0 6 . 7 0
:|59 16 .00 1 7 . 0 9 22 .3 1 2 0 . 5 0 2 0 . 1 2 1 5 .3 5 1 7 . 7 2 16 .66 1 7 . 1 5 1 5 .3 6 1 7 . 7 5
i|60 1 7 .7 8 1 5 . 0 0 2 0 .5 7 1 7 . 5 0 17.41 1 6 .3 3 1 6 . 3 9 1 2 . 4 9 2 0 . 2 2 2 0 . 6 9 1 2 . 0 8
i|61 7 . 2 5 1 7 . 2 3 9 .1 4 7 . 9 9 6 . 1 6 6 . 9 9 5 . 6 5 7 . 5 6 5 . 6 0 9 . 9 9 4 . 9 2
1=62 ■ 5 .3 7 7 . 2 5 7 . 7 6 1 7 . 5 0 1 7 . 1 3 9 . 2 4 8 . 0 0 6 . 1 7 7 . 0 1 5 . 6 0 8 . 5 6
1:63 12 .46 8 . 0 4 10 .8 2 1 2 .6 0 9 . 4 4 1 3 . 7 5 1 1 . 1 4 9 . 9 2 1 0 . 5 6 1 0 . 9 2 1 8 . 6 6
:!64 1 0 .0 0 9 . 7 2 8 .2 6 1 0 . 6 0 7 . 8 3 Ô.27 8 . 7 0 5 . 5 0 1 0 . 7 5 1 0 . 6 4 1 5 . 1 4
.!
!■
1*
cont'd.•••
XVlll,
12 13 14 15 16 17 18 19 20 21 22
3 6 . 8 7 2 5 . 8 9 3 0 . 5 0 2 2 . 0 7 17.3 1 2 4 . 9 2 2 1 . 6E 2 0 .9 6 2 1 . 4 8 2 2 .3 1 20 .6 1
14 .0 1 1 0 . 2 3 10 .2 1 7 . 7 2 21 .00 1 5 .4 0 11.90 1 1 . 6 0 1 3 . 0 9 10 .8 1 1 9 . 3 5
1 2 . 8 6 1 4 . 9 9 1 0 . 3 4 8 . 4 5 1 2 . 2 0 1 9 . 1 3 9 .7 5 8 . 3 5 1 1 . 8 4 8 .0 5 1 1 . 1 8
1 5 . 4 5 1 1 . 9 2 1 7 . 3 4 16 .01 1 6 . 6 2 1 5 . 1 8 16.15 2 1 . 3 7 9 . 1 9 13 .3 2 1 2 . 9 9
8 . 6 4 9 . 9 2 7 . 1 6 1 0 . 1 7 9 . 9 7 8 . 8 0 9.22 7 . 9 5 9 . 2 4 9 .7 1 8 . 1 9
1 7 . 6 5 3 0 . 3 2 1 1 . 6 9 2 1 .5 1 1 3 .2 7 1 8 .1 6 25.00 16 .0 0 1 3 . 8 5 18 .4 5 1 1 . 4 6
1 1 . 1 5 1 5 . 5 8 1 4 .0 1 1 2 .5 6 9 . 8 0 1 0 . 7 5 1 5 . 9E 2 1 .1 6 1 3 . 6 5 13.41 1 3 .0 0
1 4 . 1 9 6 . 9 0 1 7 . 5 0 8 . 3 5 8 . 7 3 1 5 . 1 5 15.61 7 . 3 5 7 . 0 5 8.74 8 .0 6
7 . 6 0 8 . 0 0 1 1 . 4 8 1 4 . 2 5 1 1 . 6 5 9 . 4 2 14.75 15 .2 4 9 . 2 0 17.00 1 2 . 0 4
2 2 . 9 3 1 4 . 8 5 1 6 . 1 5 2 4 . 6 6 2 1 . 1 5 1 8 . 8 0 18.14 1 5 . 3 6 1 1 .3 6 24 .8 5 2 1 . 4 5
1 9 . 2 0 1 8 . 6 0 2 2 . 4 8 2 5 . 1 5 1 5 . 9 3 1 9 .9 0 1 9 . OE 16 .2 5 1 3 . 9 0 18.31 2 4 . 4 5
1 3 . 9 9 1 2 . 3 2 9 . 9 8 10.01 9 . 3 5 1 3 . 6 5 12.75 10 .1 5 1 0 .6 6 10.00 8 .5 2
9 . 9 2 1 0 . 0 4 1 8 . 0 0 13 .2 0 1 3 . 2 3 1 0 . 4 2 14.75 11 .6 5 1 4 .2 5 1 3 . 0 ' 1 1 .3 6
1 10 .2 1 9 . 5 8 1 0 .2 1 9 . 7 2 19 .0 6 1 5 . 3 9 11.91 11 .6 0 1 3 .1 5 1 0 . 7 ' 1 9 .3 5
' 1 3 . 0 0 9 . 3 9 11 .8 1 1 3 .5 0 1 2 . 6 5 15 .0 1 16.01 2 2 .1 0 1 1 .9 7 12.70 14.56
, 1 2 . 0 6 1 3 . 7 9 1 8 . 1 5 1 5 . 6 0 1 3 .7 6 2 0 . 6 4 19.60 2 5 .9 6 2 0 . 9E 1 7 . 3 ; 17 .2 5
: 1 2 . 6 0 1 2 .0 6 14 .2 1 1 6 . 0 4 1 5 . 9 4 2 5 . 0 2 10.56 11 .82 12.30 12.95 18.50
i 9 . 1 8 8 . 6 5 9 . 9 2 9 . 0 4 9 . 9 7 10 .1 5 1 4 . 3 ; 1 0 .2 4 10.00 10.75 8 . 8 0
1 3 . 8 0 1 2 . 0 6 1 9 . 6 0 1 2 . 2 0 1 8 .4 0 1 6 .9 0 15.50 14 .1 5 14 .1 5 16.00 10.21
7 . 2 6 7 . 6 9 8 . 7 9 1 0 . 9 7 1 8 . 6 7 1 2 . 8 5 7 .5 1 9 .8 0
I 5I 34
8 .7 5
~2ÔVÏ6
11.76
17.60
11.65
19 .661 4 . 7 0 2 4 . 0 6 1 4 . 7 0 1 9 . 6 0 1 7 . 3 5 1 6 .1 4 14.15
15 .0 1 1 3 . 4 8 2 3 . 2 7 1 4 . 0 0 1 5 . 9 8 1 4 .0 0 14.06 17 .3 0 15.01 11.14 16.62
7 . 7 2 7 . 6 7 5 . 3 7 7 . 2 5 8 .0 1 1 0 . 0 0 12.04 8 . 2 4 8.00 7.75 7 .0 0
4 . 6 0 8 . 9 9 5 . 1 4 6 . 9 5 7 . 2 0 1 1 .9 5 13.04 1 2 .2 4 12.00 12.75 7 .9 6
1 4 . 9 3 1 0 . 6 5 1 0 . 7 0 6 . 7 5 9 .8 6 1 1 .8 6 7 .4 5 9 .1 3 10.1 1 7.42 10.90
1 8 . 4 5 7 . 4 4 1 2 . 5 9 1 0 . 8 2 7 . 0 4 11 .4 6 1 3 . 8 0 11 .1 4 7 .9 2 10.51 8 .9 2
1 "
cont’d.,•
XIX
23 24 25 26 27 28 29 30 31
n
32 1
2 5 . 0 1 2 3 . 0 6 1 9 . 0 0 12.71 2 4 .6 6 2 5 . 8 5 58 .6 9  2 5 . 2 8 32.59  28 . 1 3
1 6 . 3 9 1 1 .0 5 1 4 . 0 5 1 0 .3 5 1 2 . 0 9 1 4 . 2 8 1 4 .4 9 8 . 6 8 15.66 18 . 3 3
1 1 . 0 1 1 2 . 2 3 1 0 . 9 9 1 0 . 7 2 7 . 0 0 1 6 . 3 8 7 . 6 9  1 5 . 0 0 1 1 .7 8 13.66
1 4 . 6 7 1 2 .1 0 2 0 . 5 9 1 3 . 7 0 1 3 . 8 8 1 2 . 4 0 1 8 .4 6  :30 .73 1 5 .7 2 3 3.63
1 6 . 1 3 1 6 .3 7 1 1 . 0 0 1 0 . 5 2 14.11 1 0 . 2 3 1 2 . 3 4  '1 2 .1 9 1 5 . 0 9 1 1 .3 9
1 6 . 1 3 10 .9 5 1 4 .7 1 21 .9 1 1 0 .8 6 1 9 .1 6 2 2 . 0 8 10.86 1 1 .0 0 1 8 .0 0
1 4 .0 1 11 .6 0 1 0 . 1 4 1 4 . 0 2 1 7 . 6 0 1 3 . 2 6 1 3 . 8 0 1 0 . 6 3 2 6 .0 0 1 6 . 5 9
1 4 . 7 9 19 .8 0 9 . 7 9 7 . 4 0 1 6 . 9 8 1 0 . 8 3 7 . 5 9 1 3 . 8 0 2 2 . 7 0 1 6 . 6 5
1 3 .0 1 8 .6 4 9 . 9 2 1 0 . 2 0 6 . 8 0 7 . 7 2 8 . 0 0 8 . 1 8 9 . 7 2 9 . 2 4
1 8 . 6 5 3 0 .3 2 1 2 . 6 9 2 1 .5 1 1 4 . 3 7 1 8 .1 6 2 5 . 6 0 1 6 . 0 0 1 4 .8 0 18 .5 6
2 5 . 5 0 2 5 . 6 5 1 5 . 7 0 2 0 . 6 2 2 5 . 0 0 2 1 . 0 4 1 3 . 8 2 2 1 . 6 9 1 6 . 6 5 2 0 . 9 2
1 6 . 3 5 1 1 .2 1 1 7 . 7 6 8 .8 6 7 . 1 0 6 . 7 9 1 0 .2 4 7 . 6 7 9 . 0 5 2 1 . 8 0
8 . 0 0 8 .6 4 8 . 8 0 1 0 . 7 2 6 . 9 5 11 24 7 . 7 1 8 . 1 9 1 7 .1 3 1 5 . 3 7
1 6 . 3 4 1 1 .0 5 14 .66 1 0 .3 5 1 2 . 0 8 1 4 . 2 9 1 4 . 5 0 8 . 6 7 10.66 2 3 . 3 3
1 2 . 0 7 2 2 .7 3 1 4 .0 4 1 1 . 6 0 1 2 .1 4 1 9 . 8 0 1 4 .9 6 1 2 .5 6 16.31 1 9 .3 6
1 9 . 4 4 2 4 .1 5 2 0 . 1 9 2 0 . 8 3 1 4 .2 3 2 4 . 2 0 2 5 . 2 5 2 3 . 5 7 1 9 . 6 9 2 4 . 5 2
1 7 . DE 2 5 .0 6 1 3 . 5 2 1 0 .60' 1 2 .9 8 1 3 . 9 2 j  2 2 .1 6 1 6 . 1 5 1 0 . 7 3 14.01
j 1 6 . 2 0 14.25 8 . 6 5 7 . 7 5 1 0 .2 3 1 3 .6 6 1 1 . 3 3 9 . 6 5 1 4 . 7 9 1 2 .4 2
1 4 . 6 0 1 0 .54 1 6 . 0 2 1 4 .5 6 1 2 . od  2 2 . 9 0 1 9 . 9 0 1 2 . 6 3 1 2 .0 0 2 3 .1 1
1 0 .1 2  
' 1 4 . 2 0
1 1 .1 6
11.63
1 4 . 9 2
1 4 . 4 9
9 .9 0
17.22
8 . 9 0
1 8 .8 0
7 . 6 9
1 2 . 2 7
"T6742
1 1 . 5 5
1 9 . 0 0
"ïiVoô
1 6 . 4 5
1 9 . 6 8
1 3 . 6 0
7 . 9 0
1 6 .4 4
T 5.95
8 . 9 3
1 6 . 9 2
1 4 .9 22 0 . 2 1 1 3 .0 1 1 7 . 2 3 15 .2 1 1 2 . 8 5
5 . 6 6 7 . 2 0 5 .0 6 7 . 0 0 7 . 3 5 6 . 0 4 9 . 1 8 5 . 1 3 7 . 4 0 6 . 3 4
4 . 6 3 7 .3 3 7 . 0 4 1 0 . 1E 3 .1 3 7 . 4 5 6 . 9 5 7 . 6 8 8 . 7 2 5 . 0 0
9 .2 5 6 .8 4 7 . 8 5 6.5C 8.7C 8 . 2 5 7 . 8 5 1 0 . 6 5 8 .2 1 9 .7 2
6 . 7 5 1 0 . OC 1 1 .6 6 7.5C 9 . 6 : 1 0 . 6 7 6 .4 0 1 0 . 9 5 9 . 7 5 7 . 3 5
XX.
SUBJECTS - BRITISH WOMEN
1 2 3 4 5 6 7 8 9 10 11
1 5 . 5 7 1 3 . 7 8 6 . 4 9 6 . 3 0 5 . 3 0 4 . 5 5 6 . 4 2 4 . 1 1 6 . 0 8 4 . 0 0 5 . 7 8
2 19.51 1 2 . 7 9 12 .2 9 1 6 .7 8 11.12 1 1 .1 2 8 . 2 2 1 2 . 1 9 8 . 1 8 1 4 .6 9 10.51
3 13 .8 6 2 5 . 0 0 12.60 1 3 . 1 5 1 2 .8 0 1 0 .3 2 1 4 . 1 7 2 0 . 1 5 9 . 9 5 15.36 1 9 . 6 2
4 2 3 . 0 9 2 0 . 9 0 1 2 .5 5 1 0 . 5 9 1 0 .9 7 1 0 . 9 8 1 3 .1 0 1 3 . 9 5 1 0 . 5 0 12.66 1 3 . 3 3
5 1 1 .7 5 1 2 . 6 7 13 .4 3 11 .2 0 10.47 1 4 . 4 7 1 0 . 9 3 8 . 6 3 1 2 . 3 4 1 5 .3 9 1 0 . 0 0
6 8 . 9 2 6 . 5 4 5 . 9 0 9 .11 1 0 . 8 9 8 .1 1 9 . 8 9 7 . 9 8 1 4 . 4 7 9 .6 6 1 0 .6 0
7 7 . 1 3 1 7 . 2 3 11 .1 4 5 . 1 4 4 . 1 0 5 .1 6 7 . 9 9 8 . 0 0 5 . 2 4 4 . 4 2 7 . 2 0
8 3 . 4 0 5 . 4 0 5 . 1 4 4 . 1 0 4 . 2 2 7 . 0 0 4 . 5 0 4 . 7 2 4 . 0 1 9 . 0 2 1 4 .2 0
9 8 . 2 8 1 2 . 3 9 7 . 9 9 7 . 2 0 8 .4 1 7 . 2 5 7 . 2 0 8 . 1 4 5 . 9 9 10 .0 7 8 . 7 2
io 9 . 7 0 1 0 . 5 5 11 .1 4 1 2 .8 0 1 3 . 8 5 10.61 1 2 . 7 5 1 0 . 4 5 7 . 7 2  . 10 .2 1 9 . 7 0
11 8 . 0 3 8 . 9 9 7 . 5 2 6 . 7 2 8 . 7 3 7 . 1 9 8 . 3 9 8 . 0 0 7 . 1 9 9.11 7 . 2 7
12 10 .8 6 1 0 . 4 8 14.60 11 .6 1 1 3 .4 4 1 0 .2 0 9 . 7 5 1 0 . 7 5 1 0 . 4 7 15 .4 7 1 2 . 3 3
13 10 .6 6 13 .5 1 12 .2 8 9 . 4 3 13.5 1 6 . 5 7 1 0 . 4 8 1 0 . 3 3 9 .6 1 6 . 5 4 1 1 . 5 7
14 9 . 0 0 1 0 . 1 4 8 . 7 5 6 . 9 6 6 . 1 0 8 . 1 9 9 . 1 0 6 . 4 0 5 . 6 9 7 . 7 5 9 . 0 7
15 1 1 . 2 4 1 4 . 9 2 14.60 7 . 4 0 5 . 3 8 2 0 . 6 9 2 7 . 4 8 1 7 . 4 2 1 5 . 4 5 1 3 . 8 2 1 6 . 6 2
16 5 . 2 5 5 . 5 4 8 .1 1 5 .2 0 5 .1 0 3 . 9 9 1 7 . 2 0 1 0 . 3 7 8 . 3 8 7 . 2 0 8 . 7 5
17 23.81 1 0 . 5 0 1 4 .9 9 1 9 .3 7 1 6 . 2 9 1 2 . 5 5 1 3 . 9 9 1 1 . 6 0 1 2 . 1 5 1 2 . 1 5 1 9 . 9 0
,18 7 . 0 3 4 . 0 0 7 . 0 5 4 . 4 4 6 . 4 9 4 . 9 5 1 0 . 7 8 5 . 4 9 6 . 2 9 4 . 3 0 5 . 4 2
19 10.52 9 . 7 5 1 1 .8 5 1 1 .3 0 1 0 . 2 9 1 8 . 7 8 1 0 . 2 9 7 . 6 8 6 . 4 7 1 1 .7 0 1 0 . 3 5
20 30.71 1 7 . 6 3 1 7 .4 4 1 6 . 2 5 14 .9 0 1 7 . 4 5 9 . 9 8 1 8 . 0 0 2 5 . 2 4 10 .5 6 1 2 . 1 2
21 15.60 1 2 . 7 4 1 4 .0 5 14 .0 0 1 4 .9 0 1 4 . 2 5 2 0 . 4 5 14 .7 6 1 7 . 6 5 1 5 . 4 4 1 4 . 8 9
22
i 32.80 1 3 . 5 2 15 .0 0
1 9 . 3 5 1 6 . 2 9 1 2 . 5 5 1 3 . 9 0 1 2 . 2 5 1 9 . 8 9 1 2 .6 0 2 5 . 3 6
23 . 7 . 1 0 9 . 3 0 6 . 9 9 6 . 0 0 4 . 0 0 6 . 9 6 8 . 7 5 8 . 0 0 5 . 2 6 5 . 5 3 4 . 0 0
24 • 6 . 2 0 8 . 5 0 4 . 0 7 1 9 . 3 4 7 . 4 7 1 0 . 2 8 1 0 . 2 5 1 8 . 8 2 7 . 6 9 1 0 . 7 8 9 . 4 0
25 13.16 2 0 . 8 0 13.52 1 5 .0 0 19 .3 6 1 3 . 8 5 2 5 . 0 1 1 2 . 5 9 2 0 . 1 4 1 0 . 3 5 1 4 . 6 3
26 3 . 5 7 6 . 0 0 4 . 2 5 4 . 0 0 6 . 2 0 3 . 0 4 5 . 0 9 4 . 0 0 8 . 4 0 8 . 6 0 5 . 0 7
27 6 . 5 2 1 0 . 3 4 9 . 7 5 1 1 . 8 2 11 .3 3 8 . 4 3 8 . 5 4 1 1 . 1 2 9 . 7 6 9 . 6 0 1 2 . 5 8
, 28
1
8 . 4 9 5 . 7 9 4 . 2 5 7 . 0 5 3 . 4 4 5 . 5 0 3 . 9 5 5 . 4 3 3 . 9 2 4 . 7 8 5 . 0 8
1 29 9 . 1 2 8 . 7 2 8 . 9 0 6 . 6 5 7 . 8 8 6 . 8 5 1 1 . 0 0 1 9 . 6 4 1 0 . 5 8 1 0 . 3 8 7 . 9 9
|30 10.31 1 4 . 6 7 8 . 9 7 8 .0 1 11 .72 1 0 . 6 9 9 . 9 9 1 3 .6 6 1 0 .9 3 8 . 9 9 1 0 .2 1
14.95 1 1 . 6 7 50.34 1 9 . 8 3 18 .6 3 17 .6 6 1 8 . 4 4 13 .8 6 25.01 1 8 . 1 5 1 3 . 2 8
!32 10.66 1 3 .6 6 30.70 1 5 .2 0 18.91 1 9 . 2 2 1 9 . 2 3 1 7 .1 4 2 2 .2 9 1 3 . 0 0 1 4 . 5 5  !
i33
!
12.75 1 0 . 9 8 12 .13 1 4 . 1 8 10.55 11 .3 6 1 3 . 2 0 2 0 .2 0 16 .4 4 8 . 6 0 1 5 . 5 0
|34
1 9 . 3 0 9 . 2 9 1 2 .8 4 10 .7 6 11.14 1 1 . 1 8 1 0 . 7 5 6 . 0 9 7 . 2 3 1 0 . 1 2 9 .0 1
|35 2 6 . 4 0 10 .1 1 16 .2 7 1 7 . 2 3 4 0 . 3 1 3 9 . 8 8 2 8 . 9 2 2 5 . 8 7 1 9 .0 9 1 4 . 8 3 1 2 . 8 4
;J6
i--------- 11.50 9 . 0 0 10.82
1 2 .6 0 9 . 4 3 1 3 . 7 2 9 . 7 6 8 . 0 4 6 . 9 2 1 0 . 5 6 5 . 6 9
;37 7 . 1 0 9 . 5 5 8 . 5 0 10.71 8 15 15.11 9 . 2 1 1 0 . 6 5 1 9 .4 9 1 1 .5 1 1 5 . 1 3
;38 15.22 1 6 .0 0 15.30 1 9 .2 0 8 . 5 0 1 8 . 2 4 1 4 . Û0 1 47 50 ITTICJ- 17.TZT 2 2 .3 Ü ~
cont* d,
xxi.
12 13 14 15 16 17 18 19 20 21 22
5 . 3 7 9 . 6 4 4 . 7 4 4 . 8 3 5.11 4 . 0 3 5 . 1 0 4 . 3 7 9.41 1 0 . 2 9 4 . 4 4
1 0 . 5 7 10 .2 9 3 . 0 8 1 0 .4 7 11.68 1 0 . 5 4 9 . 1 4 8 . 2 3 1 0 . 4 5 1 0 .6 1 1 2 .5 7
1 2 . 0 0 13 .9 9 1 0 .4 0 1 4 .5 8 12.10 1 5 . 3 4 1 9 . 0 0 1 6 .0 1 1 2 . 4 0 2 1 . 9 2 1 2 .0 7
1 7 . 0 0 1 1 .9 9 1 3 .9 9 13,06 10.34 1 3 . 0 8 1 2 . 1 4 1 9 . 1 6 1 4 . 9 8 1 2 . 9 3 2 5 . 0 0
1 4 . 5 92 0 . 2 5 14.16 12.36 1 5 .9 7 9 . 1 2 1 0 . 5 8 1 4 .1 6 1 4 . 9 8 1 1 . 6 8 1 1 . 7 3
1 0 .6 1 1 2 .7 5 9 . 7 0 1 3 .7 5 7 . 5 0 1 2 . 2 6 1 1 . 0 4 9 . 8 0 1 1 .1 0 1 3 . 8 5 1 0 .4 5
7 . 6 7 8 .0 1 4 . 7 2 3 . 9 9 7 . 7 3 6 . 2 8 9 . 3 9 5 . 6 9 4 . 9 9 7 .2 1 5 .0 4
7 . 7 1 1 6 .5 0 8 . 6 0 9 . 9 9 7 . 1 3 1 0 . 1 3 1 2 . 1 5 7 . 1 4 6 . 1 9 6 . 2 4 4 . 4 5
7 . 0 2 6 . 3 5 7 . 1 5 8 . 9 7 8 . 3 2 7 . 5 4 6 . 7 5 7 . 9 5 8 . 1 4 8 . 0 6 6 . 6 8
1 6 . 1 3 8 . 5 0 1 2 . 8 0 8 . 7 5 13.70 1 0 .2 6 8 . 0 4 1 7 . 6 5 7 . 9 2 1 4 . 4 4 8 . 0 0
7 . 2 6 5 . 5 9 7 . 9 9 4 . 6 8 11.39 7 . 2 8 7 . 2 0 8 . 2 0 5 . 9 3 1 0 . 0 7 8 . 7 5
10 .2 1 9 . 0 0 1 0 . 9 3 8 . 6 4 13-.67 1 2 . 7 5 1 6 . 3 9 1 9 . 2 5 1 4 .1 6 1 1 . 3 5 1 5 . 9 7
9 . 1 2 8 . 2 3 10 .1 1 10 .7 5 9.61 9 . 5 4 1 1 . 2 2 9 . 1 9 1 2 . 1 8 9 . 0 9 8 . 3 4
6 . 2 0 6 . 2 8 3 . 3 7 6 . 7 2 7 . 9 9 7 . 6 3 6 . 5 0 7 . 2 8 5 . 5 0 1 7 . 9 9 8 . 7 3
1 4 . 5 5 1 3 .5 7 1 2 . 9 9 22.30 17.13 1 3 . 7 4 1 6 . 9 9 1 4 .0 1 2 0 . 2 3
7 . 5 0
1 9 . 2 2 1 7 . 2 2
1 7 . 9 9 5 . 4 9 6 . 2 5 9 . 3 2 6 . 4 5 8 . 0 0 1 0 . 1 4 5 . 6 4 6 . 2 3 7 . 2 9
1 2 . 5 9 1 3 .0 7 2 0 . 9 2 1 2 .3 8 16.03 1 2 . 8 6 2 0 . 0 0 1 9 . 6 0 1 2 . 0 2 1 1 . 8 0 : 9 . 3 2
3 . 0 0 5 . 1 4 6 . 0 0 3 . 4 4 10.29 4 . 5 7 3 . 5 5 5 . 4 2 5 . 3 8 4 .1 1 5 . 0 8
1 0 . 7 9 8 . 4 0 8 . 1 7 1 4 .0 9 10.50 2 0 . 5 0 1 1 .2 2
1 9 . 5 0
1 7 .9 5
1 1 . 0 2
1 5 . 4 9
1 2 . 3 3
1 0 . 5 8
1 4 .7 5
1 6 . 6 3
9.2E
1 3 .3 3
1 3 .6 5
8 . 0 9
6 . 4 8
1 6 . 6 9
1 5 . 6 0 2 2 .3 3 1 5 . 6 3 1 2 .6 9  ■15.69
12.60
9 . 0 3
19 .7 11 7 .4 0 1 3 .9 0 1 5 . 5 6 : 16 .1 2  ■
1 8 . 6 2 1 1 .0 0 1 2 . 9 9 1 2 .7 9  ■0 . 3 0 1 3 . 8 5 25 .0 1 1 4 . 1 7 1 9 . 1 5 1 0 .9 5 9 . 4 0
1 7 . 1 9 1 0 .3 8 8 . 4 0 7 . 1 8  ■8 . 0 0 8 . 6 1 5 . 0 0 5 . 0 0 8 . 7 4 5.4E 6 . 2 6
8 . 2 0 1 1 .2 3 11.01 14 .30  ■1 .7 5 1 1 . 5 2 1 1 .8 5 7 . 6 7 1 2 . 7 0 11 .3 5 1 5 . 0 9
1 2 . 2 0 1 5 .2 4 1 7 .0 0 17.01 ■0 . 3 3 1 2 . 7 9 1 4 . 1 8 1 0 . 9 5 1 4 .3 6 1 4 . OC 1 3 .4 0
4 . 2 1 5 . 4 9 5 . 4 5 7 . 0 5 5.01 6 . 0 3 6 . 9 5 8 . 7 8 3 . 9 5 9 .2 5 4 . 9 8
1 0 . 6 0 10 .4 4 1 1 . 6 8 1 4 .0 9  ‘ 2 . 1 9 1 8 . 5 1 11 .5 1 1 2 . 8 0 1 2 .2 8 11.12 8 . 1 8
5 .1 1 5 . 4 2 1 5 .3 0 8 . 3 0  ' 3 . 7 8 7 . 5 7 5 . 5 5 5 . 0 0 4 . 3 7 1 0 . 6 9 4 . 1 3
1 4 . 3 8 10 .5 0 1 2 .7 0 12.80 9 . 5 5 8 . 7 0 1 1 . 1 4 1 3 . 8 0 1 0 .6 6 1 7 . 7 2 9 .2 1
1 3 . 3 2 10 .70 9 . 7 0 11.51 ■4 .6 1 1 1 .8 6 1 0 . 4 7 1 3 . 5 4 1 0 . 2 5 1 0 . 5 2 1 5 . 4 8
2 0 . 4 5 14.15 12.56 26.36 :30.25 2 6 . 8 0 2 4 . 6 6 2 1 . 5 0 2 3 . 6 9 1 6 . 0 0 1 1 . 4 8
1 5 . 4 5 ! 0 . 4 8 18 .6 9 7 . 4 0  ■3 . 9 3 1 6 . 2 4 1 3 . 0 0 5 . 3 8 1 3 . 4 2 1 3 . 8 5 1 6 . 6 5
1 3 .6 5 10.01 7 . 0 1 14.60 9 .9 7 10 .3 1 1 1 . 7 4 1 0 . 6 7 1 5 . 9 3 7 . 9 9 9 .2 1
1 0 . 9 3 11.48 5 . 5 7 1 2 .2 9  • 3 .5 0 1 1 . 0 0 1 0 . 4 3 13 .5 1 6 . 5 0 1 1 .6 1 10 .1 1
2 4 . 5 9 12.85 57.51 13.05 :25.30 4 3 . 1 3 15 .0 1 2 2 . 7 1 2 8 . 3 0 2 9 . 9 9 3 5 .0 1
8 . 2 0 9 . 6 5 14 .70 6 . 7 7 7 . 5 2 1 2 . 8 4 1 0 . 7 8 9 . 1 3 1 2 . 1 7 1 4 . 9 3 1 8 .6 6
1 0 .2 3 10.3 0 6 . 4 7 30.34 4 . 0 8 2 0 . 2 0 8 . 4 9 18v84 7 . 6 7 1 0 . 7 8 1 1 . 3 0
1 7 .0 5 19.22 16 .20 19.70 ' 3'."D0 9 . 6 6 17 .9 1 1 9 . 2 3 1 5 .5 0 2 1 . 0 0 1 8 . 1 8
cont* d,
XXll,
23 24 25 26 27 28 29 30 31 32
6 . 0 0 5 . 1 3 3 . 9 2 6 . 4 2 4 . 9 5 6 . 4 9 5 . 4 4 7 . 0 5 4 . 2 6 5 . 7 8
9 .61 9 . 3 4 9 . 7 5 11.11 7 . 5 4 9 . 4 3 10 .3 4 11.31 1 1 . 8 4 . 9 .7 6
1 2 . 6 0 1 9 . 8 9 1 2 . 1 5 1 4 .0 0 1 2 . 5 4 1 6 . 3 0 1 9 .3 6 14.99 1 1 .5 2 2 2 .8 6
1 2 . 6 4 1 0 . 6 9 1 3 . 0 2 1 0 .9 0 1 8 . 4 8 1 0 . 7 3 1 1 . 2 5 18.00 2 0 .0 5 1 3 .5 5
7 .0 1 9 . 9 7 1 0 . 3 2 1 1 .2 1 1 0 . 7 5 9 . 7 5 11.61 14.60 1 0 . 4 9 1 0 .8 5
1 2 .8 0 9 .5 6 1 1 . 6 9 2 0 . 6 5 1 1 . 1 3 1 1 . 7 0 1 0 .7 0 6 . 9 2 8 . 2 5 9 . 7 2
8 . 1 7 5 . 6 0 1 1 .5 6 4 . 4 5 7 . 0 0 3 . 2 2 5 . 1 0 3 . 1 4 6 . 4 0 4 . 3 4
8 . 2 0 6 . 6 3 9 . 2 8 1 2 .4 0 5 . 0 0 7 . 2 3 5 . 0 0 8 .2 1 5 .5 6 5 . 7 0
5 . 9 9 5 . 6 0 7 . 2 5 9 .11 7 . 2 0 8 . 7 2 6 . 7 2 7 . 5 7 9 . 0 0 8 . 0 3
1 0 .3 7 1 0 . 5 9 1 9 . 6 5 1 0 . 9 9 6 . 9 0 7 . 8 3 6 . 6 4 8 . 1 0 8 . 7 3 9 .11  1
6 . 9 9 6 . 4 0 7 . 1 0 9 .0 0 8 . 2 9 6 . 0 0 1 0 . 1 4 6 . 9 6 8 . 7 5 " 7154]
7 . 1 2 1 0 . 5 8 1 4 .1 6 9 . 9 8 1 0 . 6 8 1 1 . 7 3 7 . 0 1 -9.97 1 0 .3 2 1 4 .6 6
9 . 4 5 1 0 . 6 0 4 . 0 9 1 2 . 7 5 1 1 . 1 8 1 1 . 1 3 1 0 . 7 5 1 2 . 8 4 8 . 2 9 1 0 . 3 0  '
1 0 . 3 9 7 . 1 9 8 . 3 9 7 . 2 0 4 . 9 3 7 . 1 0 7 . 2 0 9 .11 7 . 5 4 7 . 2 5  ‘
1 0 . 5 0 1 8 . 4 0 1 5 . 0 0 1 5 . 3 2 1 5 . 9 2 1 8 . 8 9 1 0 .0 6 1 5 .2 0 2 1 . 7 0 12 .0 6
6 . 4 8 7 65 7 . 9 9 8 . 7 7 . 6 . 9 4 4 . 0 0 6 . 0 0 7 : 1 0 1 0 . 1 9 6 . 1 0
1 3 . 1 7 1 9 . 1 5 10 .4 1 1 4 . 5 9 1 8 . 9 9 1 5 . 3 4 1 2.11 1 3 . 9 8 15 .4 1 9 . 9 0
8 . 6 9 8 .4 1 3 . 3 7 5 . 1 0 3 . 0 3 6 . 1 1 3 . 8 3 4 . 7 5 5 . 7 8 3 . 99 ;
10 .5 6 10 .1 1 9 . 0 5 11 .8 1 9 . 5 2 7 . 4 5 9 . 3 4 1 2 . 6 7 1 0 .5 0 1 2 . 2 0  1
2 0 . 3 0 1 4 . 3 9 1 0 . 8 8 1 5 . 8 8 2 0 . 4 5 1 4 . 7 2 1 4 . 1 5 1 2 . 6 4 9 . 2 7 1 7 . 6 0
1 5 . 7 0 1 4 . 3 3 2 0 . 2 9 1 4 . 1 4 1 0 . 9 0 6 . 1 4 1 6 . 4 9 2 0 . 5 0 1 0 .6 3 2 5 . 2 5 !
1 3 .6 0 1 1 . 0 0 1 4 . 3 5 1 8 .0 0 1 3 .1 0 15 .01 1 1 . 4 0 2 1 .9 6 1 2 . 0 9 1 2 . 6 5
1 0 .1 4 5 . 9 9 7 . 2 9 7 . 2 8 6 . 5 0 7 . 6 3 6 . 2 4 8 .01 6 . 4 4 9 . 3 2
1 1 . 4 9 1 9 . 5 0 1 0 . 6 0 9 .2 6 10.11 9 . 1 5 111.71 • 9 .5 0 1 0 . 5 5 8 . 1 0
1 2 . 5 5 1 9 . 9 4 1 5 . 1 5 1 3 .0 0 1 1 . 5 4 1 5 . 3 0 1 2 . 0 7 2 1 . 9 2 1 2 .0 2 1 9 . 6 0
3 . 9 7 5 .9 1 5 . 5 4 5 .0 1 5 . 1 5 4 . 6 0 5 . 4 0 5 . 3 0 6 . 3 0 6 . 0 0
1 0 .5 6 9 . 2 4 1 0 . 4 5 9 . 3 5 8 . 2 3 7 . 4 5 6 . 0 7 1 0 . 3 0 8 . 2 2 1 6 . 7 5
5 . 0 0 3 . 4 4 9 . 2 9 8 .4 1 4 . 3 7 5 . 1 0 1 4 . 0 3 5 . 1 2 5 . 8 2 3 . 7 4
8 . 7 0 1 4 . 1 3 7 . 5 0 1 0 . 8 0 7 . 7 5 1 2 .7 0 9 .2 6 8 . 0 4 7 . 9 9 1 7 . 6 5
8 . 6 5 1 6 . 3 9 2 0 . 2 5 1 3 . 1 5 1 1 .3 6 1 0 . 5 8 1 4 . 1 5 7 . 1 3 1 5 . 9 8 1 2 . 7 5
1 8 . 4 9 11 .0 1 1 0 . 8 5 2 1 . 0 8 2 6 .1 6 1 0 .8 6 1 7 .9 1 14 .6 1 1 4 . 9 5 1 6 . 2 3
1 3 .5 7 1 3 . 7 5 1 7 .0 0 14.01 1 8 . 2 3 9 . 5 0 1 8 . 1 4 15 .3 6 1 5 . 3 2 1 5 . 9 0
1 2 . 3 2 9 . 7 0 8 . 7 0 1 4 . 5 4 9 . 2 5 1 0 . 5 0 1 0 . 4 7 15 .8 6 10 .61 1 1.51
1 0 . 5 0 9 .8 6 1 0 . 5 4 1 1 . 1 2 9 . 0 9 1 2 . 0 8 8 . 6 9 9 . 1 4 9 . 4 5 1 0 . 6 0
3 1 .4 6 2 5 .9 1 2 4 . 6 3 2 6 .3 1 2 8 . 6 9 3 0 . 0 8 1 7 . 0 5 1 7 .7 6 3 8 . 9 3 2 2 . 9 9
2 0 . 9 7 6 . 3 9 9 . 9 0 6 . 9 0 5 . 4 5 7 . 6 9 8 .2 6 6 . 9 0 1 0 .6 0 1 1 .3 1
1 2 . 7 0 7 . 7 2 1 1 . 8 0 1 2 . 5 2 9 . 7 5 1 4 .3 0 10.01 1 2 . 2 3 8 . 1 0 9 ^ 5 0 ,
1 3 . 1 3 1 1 . 0 4 1 2 . 9 7 5 .4 1 1 6 . 6 0 7 . 4 0 1 3 . 7 7 1 3 . 5 2 1 3 .7 0 1 3 . 5 0
xxiii.
BRITISH WOMEN
1 2 3 4 5 6 7 8 9 10 11
39 1 6 . 0 0 1 4 .9 6 14 .0 0 1 7 .8 0 1 1 . 0 0 2 5 .1 6 2 2 . 0 0 10 .86 1 1 . 0 0 18.51 1 1 . 5 0
40 1 2 .7 4 1 3 . 1 3 1 5 .0 0 1 6 .5 0 1 9 . 3 2 15 .3 0 1 4 . 0 0 1 3 . 5 7 1 0 . 5 2 11.01 1 5 . 7 5
; 41 1 4 .3 6 1 0 . 6 5 1 4 . 0 9 2 1 . 6 0 1 1 .1 0 1 5 .0 0 1 4 . 0 0 18.01 1 0 . 9 9 1 3 . 4 9 9 . 5 0
; 42 1 4 .2 0 1 0 . 5 5 1 3 . 6 5 1 1 .5 2 1 0 . 6 0 1 5 .9 3 1 0 . 4 0 1 3 .1 3 1 3 . 2 0 1 0 .4 4 1 4 . 6 0
| 4 3 9 . 7 0 6 . 9 0 4 . 9 2 1 2 .7 0 1 1 .7 0 1 0 . 1 3 1 9 . 6 5 7 . 4 7 1 0 . 6 9 1 3 . 7 8 1 4 . 4 5
; 44 1 1 . 6 0 8 . 4 5 9 . 3 5 9 .0 0 1 2 . 0 8 9 . 0 9 1 1 . 1 2 1 1 .5 4 1 2 . 5 0 1 1 . 2 9 1 0 . 4 8
i 45 2 0 .5 1 3 9 . 6 2 1 4 .8 5 1 9 .4 7 3 0 . 7 4 9.31 2 8 . 9 7 1 2 . 6 0 1 2 . 6 5 2 5 .5 0 1 6 . 4 5
: 46 7 . 8 6 8 . 0 0 1 0 . 4 9 10.11 1 1 . 4 5 1 5 . 0 8 9 . 7 5 9 .8 4 1 0 . 7 5 9 . 3 8 1 0 . 3 9
; 47 7 . 2 5 9 . 7 3 8 . 9 0 15 .6 6 6 . 9 1 8 . 9 0 7 . 4 4 11 .5 6 7 . 3 9 13.66 6 . 7 4
: 48 2 5 . 9 2 2 8 . 0 7 2 2 . 7 9 2 5 . 0 0 2 0 . 0 0 2 5 .0 0 1 2 . 7 0 19 .0 0 2 2 . 0 7 3 0 .5 0 7 . 3 1
49 13.31 1 7 . 2 0 15 .7 0 1 2 . 6 0 1 4 . 6 3 3 2 . 8 0 2 2 . 5 5 2 0 . 9 8 2 1 .7 1 2 5 . 1 3 22 .0 1
; 50 8 . 2 5 1 0 . 7 0 1 1 . 6 8 1 1 . 1 5 1 1 . 7 0 2 0 . 6 4 2 0 . 6 5 1 1 . 6 9 9.61 8 . 7 0 1 1 . 7 4
■ 51 1 2 .6 0 1 2 . 7 5 11 .8 6 2 0 . 8 5 18 .0 0 15 .2 0 17.01 1 0 .0 0 2 6 . 2 9 1 6 . 1 3 2 2 . 2 0
52 8.11 7 . 7 3 7 . 1 0 5 . 6 4 6 . 8 3 4 . 9 0 7 . 9 9 6 . 9 0 1 6 . 7 5 7 . 0 4 9 . 2 5
53 1 1 . 4 9 1 0 . 6 7 1 5 .8 0 9 .4 7 11 .5 0 1 6 .0 0 1 2 . 3 3 9 .2 0 7 . 9 7 1 0 .6 7 6 . 9 2
54 1 7 .4 0 1 4 . 9 0 2 5 .1 6 1 8 .0 0 13 .5 6 2 0 .0 0 2 0 . 2 5 2 0 .8 0 1 5 . 1 5 18 .66 2 1 . 0 0
i 55 1 4 . 9 5 1 5 .3 1 9 . 9 9 1 0 . 1 5 1 2 . 5 8 12.61 1 2 . 0 0 1 3 . 9 8 1 2 . 7 5 1 4 .1 5 1 2 . 3 0
! 56 20.00 8 . 7 5 1 6 .6 0 11 .1 6 9 . 9 8 1 0 .2 3 5 .8 6 6 . 3 9 12 .7 6 8.31 5 . 7 4
i 57 9 . 1 2 7 . 7 3 7 . 1 0 6 . 6 4 7 . 8 3 8 .9 0 1 0 . 9 9 1 1 .8 0 7 . 5 0 1 5 . 1 3 1 9 . 7 0
i 5 8 5 . 7 8 7 . 7 5 5 . 9 4 6 . 5 0 5 .0 1 6 . 4 2 4 . 0 7 4 . 2 1 5 . 6 3 5 . 0 8 4 . 6 3
| 3 9 6 . 1 4 3 . 3 7 7 . 4 8 1 2 .0 2 4 . 7 0 6 . 1 8 5 . 0 2 5 . 3 7 4 . 1 5 4 . 9 4 5 . 1 7
I 60 11.50 1 0 . 6 7 15.80 1 0 .4 7 9 . 4 9 8.21 6 . 9 9 13 .9 3 2 0 .6 7 1 0 . 7 4 9 .3 1
! 61 8 . 7 9 6 . 9 2 6 . 9 0 1 0 . 2 0 6 . 1 6 6 . 0 3 4 . 9 9 7 . 0 0 6 . 7 0 5 . 5 0 6 . 2 9
62 ■ 14.92 1 3 . 0 9 16.00 1 6 .3 2 17 .4 2 11 .48 2 1 . 5 9 15.40 1 7 .3 9 1 6 . 0 9 1 6 . 2 5
63 0 . 2 0 1 4 . 8 3 10.35 6 . 4 5 7 . 0 0 12.5 8 9 . 6 7 9 . 1 3 8 . 5 9 7 . 5 9 4 . 9 9
64 5 . 9 3 4 . 7 9 7 . 1 5 4 . 9 2 6 . 5 6 5.41 6 . 4 5 3 . 9 2 4 . 1 3 4 . 9 3 5 .0 1
I
I
1
!
1-ii
cont* d,
XXIV,
12 13 14 15 16 17 18 19 20 21 22
1 9 .0 0 2 0 .6 9 26 .6 3 28.34 2 . 6 7 1 5 . 9 5 19 .8 3 17 .6 6 12 .56 2 9 . 6 5 2 1 .5 1
1 6 .4 3 17 .2 2 1 7 .5 9 13.24 :ÎO.71 1 4 . 9 3 14 .5 0 1 0 . 0 4 1 6 . 3 9 1 9 . 3 2 1 2 .9 3
1 1 .0 0 12 .62 19 .87 19.05 3 . 2 5 2 2 . 1 0 16 .2 3 1 6 . 2 9 1 3 .7 5 1 2 . 4 0 2 0 .3 6
1 0 .5 0 15.01 10.50 14.50 1 . 9 8 1 3 . 7 5 11 .7 5 9 . 7 5 8 . 6 5 9 .2 1
1 0 . 5 8
1 2 . 3 3
10.6 18 . 6 0 12.11 6 . 8 9 5 . 4 5 6 . 0 3 8 . 9 0 9.11 9 . 8 9 9 . 6 8
9 .9 3 13.14 10.76 0 . 8 4 9 . 3 4 9 . 2 5 15 .1 8 9 . 7 4 5 . 0 9 6 . 2 3 9 . 1 2
1 8 .1 8 22.26 19.55 2 . 1 3 9 . 9 8 2 1 .7 5 15 .18 14 .3 6 8 . 6 0 9 .0 1 6 . 0 1
11 .5 0 12.18 8 . 0 0 9 . 3 5 9 . 4 5 1 5 .6 0 9 .6 0 2 1 .1 2 1 0 .5 4 8 . 9 2 1 2 .1 5
9.31 13.76 6 . 4 4 0 . 8 0 0 . 0 5 1 0 .4 5 11 .62 1 1 .7 2 1 2 .0 4 1 0 . 8 0 1 0 . 6 9
1 4 . 9 2 11.68 13.21 >7.00 ' 4 . 7 9 2 0 .7 7 28.97 4 0 .8 4 2 8 .0 5 1 0 . 2 0 1 0 .9 6
7 . 0 9 50.40 22.16 >7.21 ■2 . 6 0 23.41 29.00 22 .5 0 2 3 .3 0 2 2 .3 6 2 3 . 7 0
9 . 6 0 10.89 10.11 5 . 9 0 6 . 0 4 8 . 7 2 7 .1 1 1 9 .8 9 6 . 9 8 1 3 .4 7 8 . 6 6
1 3 .5 0 11.00 14.99 2 . 1 0  ' 2 . 6 5 12.36 14 .09 20 .6 0 14.01 18.01 9 . 5 0
9.71 10.20 6 . 7 2 9 . 4 5  ' 1 .75 8 . 7 0 9 . 5 5 10 .1 4 10 .8 0 1 2 . 8 5 9 .6 1  :
1 0 .0 7 20.19 13.21 1 . 3 5  ' 0 . 5 4 1 1 .7 5 12.13 14 .2 0 1 0 .5 3 1 6 .4 5 8 . 6 0
2 4.16 10.00 20.80 5 . 0 0  ' 3 .9 6 1 5 .9 9 12.86 9 . 0 0 8 .5 1 1 2 .5 0 2 0 .0 0
1 1 .7 8 15.94 12.80 2 . 7 0  ' 9 .6 0 10 .4 2 14.53 2 0 . 1 9 25 .0 0 16 .00 14.26
12.66 5.91 16.66 8 . 9 0 8 . 7 3 6 . 2 5 8 . 9 0 1 7 .4 4 10 .56 6 . 3 9 5 . 4 4
12.7 0 10.50 13.80 1 . 1 5  " 0 . 5 0 9 . 7 5 12 .7 9 10 .6 6 7 . 7 0 1 0 . 2 3 7 . 7 5
5 . 2 3 5 .6 7 4 . 9 3 4 . 2 9 5 . 3 0 4 . 7 5 1 1 .7 8
15.01
5 . 5 0
5 . 4 2
9 . 7 0
4 . 0 7
5 . 0 0
4 . 8 1
5 . 4 2
5 . 3 94 . 0 3 4 .2 1 5 .5 0 4 . 9 4 9 . 7 5 6 . 7 8
8 . 9 7 13.60 11.36 1 . 5 0  ' 1 . 9 8 13.75 12.13 1 6 . 1 8 9 . 6 0 1 4 .4 9 1 2 . 6 7
6 . 2 0 7 . 3 8 4 . 1 0  ■5 . 2 0 8 .1 1 5 . 5 0 5 . 2 9 4 . 0 0 15.20 9 . 3 7 7 . 7 4
11.30 13.09 >3.30 3 . 3 9  1 9 .6 1 13.50 i l . 39 16 .9 9 10.70 19 .40 2 1 .6 0
10.73 9 . 8 9 7 . 6 9 5 .0 1  10 . 6 7 8 . 5 0 0 . 6 8 9 . 6 0 10.04 9 . 6 6 7 . 1 9
9 . 7 9 5 . 3 7 4 . 5 0 7 . 3 0 7 . 3 0 6 . 5 7 4 . 7 8 7 . 5 0 4 . 6 4 7 . 0 3 5 . 1 0
cont’d, • •
XXV.
23 24 25 26 27 28 29 30 31 32
2 0 . 5 3 1 4 . 1 5 2 0 . 8 0 2 0 . 2 5 20 .3 6 1 3 . 2 0 1 8 .1 6 25^_og_
14.45
13,_90
1 0 .5 0
1 8 .4 0
12 .8 61 4 .3 0 1 7 .3 2 15.01 1 5 . 0 2 1 2 .2 4 1 4 . 2 3 2 2 . 8 8
2 3 . 6 2 1 4 . 0 0 9 . 9 9 17.01 1 4 .2 0 1 9 . 0 0 2 1 . 8 5 10.30 1 2 .8 0 1 2 .5 5
9 . 2 0
1 2 . 7 5
2 0 .3 6
9 . 7 0
2 0 . 2 0
8 . 5 6
6 . 9 9
1 1 .8 0
1 4 .5 8
9 . 4 5
1 0 . 3 0
1 2 . 8 5
10 .6 6
1 0 . 1 0
8 . 0 0
8 . 8 0
1 5 . 9 2
1 1 . 0 4
1 0 . 0 0 _
20,26
19.01 ' 5 : 5 7 1 0 . 0 0 9 . 4 3 12.51 1 2 . 4 0 11.11 11 .49 8 . 8 6 7 . 0 0
9 . 6 7 1 4 .9 3 1 9 . 7 0 7 . 7 0 1 2 . 5 4 8 . 9 2 8 . 5 0 2 .3 1 9 . 2 2 7 . 9 9
8 . 3 4 8 . 2 5 1 4 . 1 8 5 . 2 3 8 . 1 2 18 .0 1 4 . 5 1 9 . 0 0 9 .41 11.58
12 .1 0 4 . 9 0 4 . 3 9 9 .8 6 1 0 .2 3 1 0 . 0 0 11.14 6 . 6 6 8 . 6 9 19.93
11 .5 0
2 0 . 9 0
3 6 .8 7
2 2 .7 0
2 9 . 9 0
17 .3 6
21.31
2 5 .8 0
2 0 .6 0
2 2 . 9 2
2 5 . 0 0
26.41
23.66 
23.00  ■
6 . 2 8
2 . 0 7
21.31 
10.7 0  :
24. 99 1 
29.13
9 .6 0 1 2 .7 5 6 . 5 0 12 .7 5 1 1 .2 5 1 3 .0 5 1 . 0 5 8 . 8 5 10.04 • 1 . 2 6  1
1 1 .0 0 1 2 .5 9 1 9 .9 0 19.67 1 3 .2 3 1 2 .7 5 1 . 4 0  ' 4 . 3 6 22.62 3 . 0 0  !
2 6 .1 3 7 . 5 0 1 1 . 7 0 7 . 8 5 12 .7 0 1 3 .4 5 7 . 0 0  ' 9 . 6 4 26 . 59 ■0 . 4 0
1 5 . 4 9 13.66 1 4 . 5 5 10.03 10 .3 0 1 1 .7 5 5 . 9 5 8 . 4 0 4 . 5 0  
29.34 :
9 . 2 9  .
21 . 69 1 3 .6 8 1 0 .0 0 20.83 13.56 5 0 .6 5  ;20.51 : 0 . 5 3 ^ \ 6 3  i
10 .60 1 2 .9 9 1 8 . 5 0 17.66 25 .2 5 1 1 . 5 9  1 2 . 5 3  ' 4 . 0 0  :22.06 • 2 . 9 9  I
9 .8 0 9 . 0 5 9 . 4 5 12.08 10 .8 4 1 2 . 0 9  6 . 9 6  ' 0 . 7 0 1 . 7 4  ' % 6 0  1 
8 . 6 0  112.70 9 .2 6 7 . 0 4 16.65 6 . 9 0 1 3 .5 0  1 2 . 3 7 9 . 5 9 8 . 6 5
4 . 7 5
4 . 1 3
4 . 2 5
4 . 9 7
6 . 0 1
5 .3 6
1 2 .0 0
11 .3 2
5 . 6 3
5 . 4 9
8 . 7 0
6 . 0 7
3 . 9 7
7 . 7 0
4 . 7 9  ' 
6 . 0 0  
13.50
0 . 0 2  
9 . 6 9  
8 . 2 4  '
9 . 4 8  
4 . 2 3  
5 . 4 5  :
4 . 3 7  
3 . 6 3  
i0^26 ' 
6 ^5 0  
9 . 9 9
5 . 1 2 . .
4 . 0 8
3 . 2 0
5 . 2 3 _
8 . 2 2
9 . 0 3
15.99 4 . 9 9 16.25 8 . 3 0 5 , 4 7 6 . 9 9 9 . 1 5 5 . 6 4
2 .0 119.16 19.33 17.95 5 . 2 5 8 .0 0 19.00 ' 0 . 9 0  1
13.50 6 . 3 2 4 . 4 7 6 . 99- 7 . 0 5 5 . 7 7 6 . 7 8  12 . 0 6 6 , 0 0  14 . 5 3  I
4 , 3 7 6 . 4 1 12 .29 4 . 2 4 6 . 4 0 4 , 1 3 5 . 6 6 4 . 1 1 6 . 0 8 5_. 20 •
-
----------- ............ ■ ■ - ------- ----------
XXVI,
APPENDIX II
Programmes used for analysis of data 
A. Analyses of variance (first experiment)
^  Sex X Nationality x Problem structure
1 0 
I 5
no
?5 
30 
35 
h 0
4 5
5 0 
55
6 0 
6 5 
70 
75 
75 
8 0 
5 5 
90 
95
1 0 0 
1 1 0 
1 1 5 
1 2 0 
125 
1 3 0 
1 35 
1 4 0 
1 4 5 
1 4 5 
1 50 
1 5 5 
160 
165 
1 70
1 75 
180 
185 
200 
205 
21 0 
212 
212
2 1 5 
220 
225 
23 0 
235  
240 
245
A (32,32),X(30),
0^": I = ! yr 30
rcn j = 1 Tn 3 2 
p"An A(i^j)
E? = B  + A
NEXT J 
MI XT I 
^^IWT P
F O P  1= I T D  3 2_
2 = 2 + P ( I )
P = P+ V (I )T 2
rA ! I
PRINT
PRINT
T = 0 * 0 / 1  g A /,
5 1 = P - T 
S2 = P/32-T 
53=5 1-52 
POP I - I TO f
c 1 = c 1 + :p ( I )
P = D + C3 ( I ) + P ( I + % ) + % ( I + |/ ) + 
E=P+(P(I)+2(I+P)),2
0 = 0+ (PC I ) + P C I + 1 1^-' ) 1 t o 
NEXT Î
E n J _ r, -r- n I A
CO ( I )
H=p+ ( P( I ) ; p ( I + I A ) ) T o
H=H+C Tie I )+p ( I + 1 A ) ) t o 
NEXT I
EPn I= 17 TO 0 4 
C 3 = C 3 + P ( I )
F = E + ( B ( I  )+>3(1+8 ) )T2 
NEXT I
FO.P I =25 TG 32 
C 4 = C 4 + 3 ( I )
NEXT I
S 4 = ( ( C1+C2) t 2 + ( C3 + C4 ) t 2 ) 751p-T 
35 - C ( C 1 + C 3 ) t 2 + ( C 2 + C 4 ) t 2 ) / 5 1 2 - t
56 = D / I 2 8 - T  
K l = 8 8
K1 = ( ( C l ) T 2 + C C 2 ) t 2 + ( C 3 ) T 0 + ( C 4 ) , 2 ) / P C f  
S7=]( 1 - (E/I + E5 + T )
5 3 = ( E + F ) / 6 •'!-(S4 + O6 + T) 
S9=(3+H)/64-(<R+rA+T)
TI= F 2-(5 4+^5 + 56 + 57 + S R +-?)
FOP J =1 TD 3 2 
FGP 1= 1 TG 8 
E ( J ) = E ( J ) + A ( I , J )
XXVll.
255 FOR 1= 9 TD 16 
260 F(J)=F(J)+A(I,J)
265 NEXT I
270 FOR 1=17 TO 24
275 G(J)=G(J)+A(I;J>
280 NEXT I
285 FOR 1= 25 TO 32
290 H(J)=H(J)+A(I,J)
295 NEXT I
300 L=L+(E(J) T2 + FCJ)t2 + G(J)t2 + H(J) t2)
305 NEXT J 
310 T2=L/8-Kl 
315 T3=S3-T2
40 0 PRINT "TOTAL SUMS OF SQUARES = " ; SI
410 PRINT "BETWEEN CELLS SUMS OF SQUARES = " ; S2
420 PRINT "WITHIN CELLS SUMS OF SQUARES = " ; S3
430 PRINT "BETTWEEN NATIONALITIES = " ; S4
44 0 PRINT "BETWEEN SEXES = " ; S5
450 PRINT "BETWEEN STRUCTURES = " ; S6
460 PRINT "INTERACTION NAT * SEX = " ; S7
470 PRINT "INTERACTION NAT + STRUCT = " ; S8
480 PRINT "INTERACTION SEX * STRUCT = " ; S9
490 PRINT "INTERACTION NAT * SEX * STRUCT = " ; T1
495 PRINT "STRUCTURE WITHIN NAT * SEX = " ; T2 ;
499 PRINT "RESIDUAL STRUCTURE WITHIN NAT* SEX = " ; T3:
9999 END 1
xxviii,
b. Sox X Nationality x (i). pooitivo/nogativo problems
(ii). height/weight dimension 
(iii). comparative .term in question
10 f ILFS' 1 ; ' i A VEh. N .1 "
120 N= 3:0 K = 6
1 3 0  LI.! M  A { r j ,  i i  ) t 11 f ,\1 2 ( N+ .1 , i i  '
: 140 FOR t z: TO- 
170 FOR .M -1 TO R 
180 FOR X2=: TO K 
190 INRL'Tl ; A ( X i .X.m  
196 N E X T  X 2 
196 NEXT XI
201 F OR X .irr : TO N, i
202 FOR X2-.1 TO K
2 0 3  LE'j btXj.*X2)z:0
204 n e x t  x :;
20^ NEXT X]
220 Cl
230 for X : =2 T O  
24V F Or' \ : TO
250 F OR X3-: TO L
26 V .1 r A(\j, X 2 .» X 1 X3 ' Tnt-v -,
2/V :F i , X3) TitN "730
280 GOTO 3 v
290 Cl=Cl+l
300 n e x t  X3
3l0 3 ( X J. f a 2 1 -Cl •+. 0
315 p r i n t  R(Xi,X2);
320 Cl=0 
330 NF.xrxo 
335 P R INT  
340 NEX rxi
350 F u r  xi=i TO K 
360 FOR \2 = 1 TO ,N
380 N Z K T \: (  X2, XI)
390 N E X T  XI 
■ 610 T=0
620 FOR J = 1 TO K 
625 F'KI N'!' E ( ;\j+ i j  ) ;
630 T= T+-3 { N-j-1 y ,T ) " 2 
640 NEXT J
860 f'Tj n t " * ‘ ^ < S *:W  ( K + 1) )
670 T] = iNT'. Tl*l00+,05)/lOO
680 p r i n t
' A O 110 r 0 7 5t.' 
730 C l =C l + .5 
740 GOTO 300 
750 NEXT t. 
900 FI LES 3
The Scheff^ method for multiple comparisons was used to compare 
the means of any two cells when significant F values were 
obtained with the following formula.
S = y  (pq -  1) Foe ; pq - 1, pq(n - l) J  MSR 
pq = number of categories in the factors,
Fex ; pq - 1, pq(n - l) = tabled value of F with pq - 1 and pq (n - l)
degrees of freedom.
n = number of subjects in any cell
MSR = mean square error
Cj = coefficient by which the mean of category is multiplied
n. = number of subjects in category j
(Kerlinger and Pedhazur 1975» P * l - 3)
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B, Friedman two way analysis of variance (first experiment)
■J Li,
10 F 
120
130
X
170
180
190
196 
198 
201 
202
203
204
205 
220 
230 
240 
250 
260 
270
280
r-
300
310
315
330
335 
340 
350 
360 
370 
380 
390 
610 
620 
625 
630 
640 
650 
660 
670 
680 
700 
710 
720 
730 
740 
7 50 
900
ILES 
DIM A
r ur\
FOR 
FOR
.AVERN 1
'i DIM Fi (N+1,K) 
t X 1 U'4 
XI =1 TO N 
X2=l TO K
A(X1,X2 )
1 TO N+1 
TO K 
X2)=0
TO
TO
TO
N
K
K
THEN
THEN
290
730
INPUTE?
NEXT X2 
NEXT XI 
FOR Xl=
FOR X2=l 
LET B(X1,
NEXT X2 
NEXT XI 
01 = 0 
FOR Xl=l 
FOR X2=l 
FOR X3=l
IF A(X1,X2 )>A(X1,X3 )
IF A(X1,X2 )=A(X1,X3 )
GOTO 300 
:i+i 
NEXT X3
B(X1,X2 )=C1 + ,5 
PRINT B(X1,X2 );
01=0
NEXTX2
PRINT
NEXTXl
FOR XI=1 TO K 
FOR X2=l TO N
LET B(N+1,X1 )=B(N+1,X1 )+B(X2 ,XI)
NEXT X2 
NEXT XI 
T=0
FOR J=1 TO K 
PRINT B(N+1,J);
T = T-/-B(N+ly J) ^ 2 
NEXT J
T1 = ( 12/ ( N*K* ( K-h 1 > ) ) ^ T- ( 3*N* ( K+1 ) )
PRINT
T1 = INT(T1*100+ ,05)7100 
PRINT
PRINT "THE VALUE X R '2  FOR COMPARISON TO CH:
PRINT "DEGREES OF FREEDOM SHOULD BE
GOTO 750
01=01+,5
GOTO 300
NEXT E
FILES 3
Î Ti
XXXI,
c. Multiple Regression Analysis
The multiple regression analyses were computed by the method of 
multiple correlation and matrix inversion on the Hewlett-Packard 
programmable calculator (98IOA), For programme details see 
Hewlett-Packard Calculator 9810A, Math Pac (Model lO), page II5.
X X X l l .
APPENDIX III
Graphs showing interactions observed in the analyses of variance of 
data in the first exneriment
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Fig. 4 Nationality x Sex Interaction for Problem Structure 3
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Fig.5 Nationality x Sex Interaction for Problem Structure 4 
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Fig. 6 Nationality x Sex Interaction for Problem Structure 5
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Fig. 7 Sex X Nationality Interaction for Problem Structure 6
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Fig. 9 Nationality x Sex Interaction for Problem Structure 8
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Fig.10 Nationality x Sex Interaction for Problem Structure 1
(Positive)
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Fig. 12 Nationality x Sex Interaction for Problem Structure 3
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Fig. 14 Nationality x Sex Interaction for Problem Structure 5
(Positive)
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Fig. 16 Nationality x Sex Interaction for Problem Structure 7
(Positive)
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Fig . 20 N a tio n a lity  x Sex In te ra c tio n  fo r Problem Structure 3
(Negative)
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Fig.21 Nationality x Sex Interaction for Problem Structure 4
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Fig. 22 Nationality x Sex Interaction for Problem Structure 5
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F ig . 23 N a tio n a lity  x Sex In te ra c tio n  fo r Problem Structure 6
(Negative)
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Fig. 24 Nationality x Sex Interaction for Problem Structure 7
(Negative)
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Fig, 28 Nationality x Sex Interaction (comparatives going in same
and opposite direction in question and 1st premise)
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Fig, 29 Nationality x Comparative term in same/opposite
direction in question
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Fig, 30 Sex x Comparative term going in same/opposite direction
in question and first premise
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Fig. 31 Sex X Nationality Interaction (Wei^t x Height
Dimension Problems)
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Fig. 32 Nationality x Weight/Height dimension interaction
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Fig. 33 Sex x Weight/Height dimension interaction
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Fig . 341
N a tio n a lity  x Sex x Structure In te ra c tio n  (Structures 3 & 6 p o s itiv e )
(a) N a tio n a lity  x Sex in te ra c tio n  w ith in  Structure 3
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Fig. 34i
Nationality x Sex x Structure Interaction (Structures 3 & 6, positive)
(b) N a tio n a lity  x Sex In te ra c tio n  w ith in  Structure 6
16
15
14
12
11
u 10
Men
Women
Trinidadian British
Iv .
Fig.34ii Nationality x Sex x Structure Interaction (Structures 1 fc 4 .
positive)
(a) N a tio n a lity  x Sex in te ra c tio n  w ith in  Structure 1
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(b) N a tio n a lity  x Sex in te ra c tio n  w ith in  Structure 4
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Fig.34111 Nationality x Sex, Nationality x Structure and
Sex X Structure Interactions (Structures 5 & 8, positive)
(a) N a tio n a lity  x Sex In te ra c tio n
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F ig .34111 N a tio n a lity  x Sex, N a tio n a lity  x Structure and
Sex X Structure In te ra c tio n s  (Structures 5 & 8, p o s itiv e )
(c) Sex X Structure In te ra c tio n
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Fig.341v Nationality x Structure Interaction (Structures 7 fc 4.
positive)
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Fig. 34v Nationality x Sex x Structure Interaction (Structure
3 & 1, positive)
(a ) N a tio n a lity  x Sex in te ra c tio n  w ith in  Structure 3
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Fig.34v Nationality x Sex x Structure Interaction (Structures
3 & 1, positive)
(b) N a tio n a lity  x Sex in te ra c tio n  w ith in  Structure 1>
17
16
15
14
13
12
CO
I  "
10
Women
Men
Trinidadian British
Ixi.
Fig.34vi Nationality x Sex x Structure Interaction
(Structures 4 & 6. positive)
(a) Nationality x Sex interaction within Structure 4
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Fig. 34vi Nationality x Sex x Structure Interaction
(Structures 4 & 6, positive)
(b) N a tio n a lity  x Sex In te ra c tio n  w ith in  Structure 6
s
a
CQ
Women
15
14
13
12
11
10
Men
9
8
7
6
5
Trinidadian British
Ixiii.
Fig.34vil Nationality x Sex, Nationality x Structure and
Sex X Structure interactions (Structure 5 & 7, 
positive)
(a) Nationality x Sex Interaction
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Fig.34vii Nationality x Sex, Nationality x Structure and
Sex X Structure interactions (Structures 5 & 7 .
positive)
(b) Nationality x Structure interaction
8
CO
15
14
13
12
11
10
Structure 7
'■ Structure 6
Trinidadian British
(c) Sex X Structure interaction
Mm
15
Structure 7
14
13
12
11
Structure 5
10
9
8
Ixv.
Fig.34 viii Nationality x Sex x Structure interaction
Structures 4 & 8, positive)
(a) Nationality x Sex interaction.
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Fig.34 viii Nationality x Sex x Structure interaction
Structures 4 & 8, positive)
(b) Sex X Structure In te ra c tio n  (Structures 4 & 8)
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Fig.34 ix Nationality x Sex x Structure interaction
(Structures 6 & 2, positive)
(a) Nationality x Sex interaction within Structure 6
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Fig. 34ix Nationality x Sex x Structure interaction
(Structures 6 & 2, positive)
(b) Nationality x Sex interaction within Structure 2
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Fig.34x Nationality x Sex x Structure interaction
(Structures 1 & 2, positive)
(a) N a tio n a lity  x Sex in te ra c tio n  w ith in  Structure 1
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Fig.34x Nationality x Sex x Structure interaction
(Structure 1 & 2, positive)
(b) Nationality x Sex interaction within Structure 2
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Fig.351 Nationality x Structure and Sex x Structure interactions
(Structures 3 & 6, negative)
(a) N a tio n a lity  x Structure in te ra c tio n
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Fig.351 Nationality x Structure and Sex x Structure interactions
(Structures 3 & 6, negative)
(b) Sex X Structure interaction
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Fig.35ii Nationality x Sex x Structure interaction
(Structures 1 & 6, negative)
(a) N a tio n a lity  x Sex in te ra c tio n  w ith in  Structure 1
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Fig.3511 Nationality x Sex x Structure Interaction
(Structures 1 & 6, negative)
(b) N a tio n a lity  x Sex In te ra c tio n  w ith in  Structure 6
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Ixxv.
Fig.35111 Nationality x Sex, Nationality x Structure
and Sex x Structure Interactions (Structures
5 & 8, negative)
(a) Nationality x Sex Interaction
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Fig.35111 Nationality x Sex, Nationality x Structure
and Sex x Structure interactions (Structures
5 & 8, negative)
(b) N a tio n a lity  x Structure in te ra c tio n
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Fig.35111 Nationality X Sex, Nationality x Structure
and Sex x Structure Interactions (Structures
5 & 8, negative)
(c) Sex X Structure Interaction
COo
8
Structure 524
23
22
21
Structure 8
20
19
18
17
16
. 15
14
13
12
WomenMen
Ixxviii,
Fig.35iv Nationality x Structure interaction
(Structures 7 & 4, negative)
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Fig.35v Nationality x Sex x Structure Interaction.
(Structures 3 & 1, negative)
(a) Nationality x Sex interaction within Structure 3
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Fig.35v Nationality x Sex x Structure interaction
(Structures 3 & 1, negative)
(b) Nationality x Sex interaction within Structure 1
20
19
18 h
17 .
16 i-
CQ 
O
% 15 -
14
13
12
11
Women
Men
Trinidadian British
Fig.35vl Nationality x Structure and Sex x Structure
interactions (Structures 6 & 2, negative)
(a) N a tio n a lity  x S tructure in te ra c tio n
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Fig.35vii Nationality x Sex x Structure interaction
(Structures 5 & 7, negative)
(a) Nationality x Sex interaction within Structure 5
(31.73 secs)
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Fig.35vii Nationality x Sex x Structure interaction
(Structures 5 & 7, negative)
(b) Nationality x Sex interaction within Structure 7
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Fig.35vili Nationality x Sex x Structure Interaction
(Structures 8 & 4, negative)
(a) Nationality x Sex interaction within Structure 8
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Fig.35viii Nationality x Sex x Structure Interaction 
(Structures 8 & 4, negative)
(b) Nationality x Sex interaction within Structure 4
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Fig.361 Nationality x Sex x Negative/Positive problems'
interaction (Problems 2 & 59)
(a) Nationality x Sex interaction with positive problems
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Fig.361 Nationality x Sex x Negative/Positive problems
Interaction (Problems 2 & 59)
(b) Nationality x Sex Interaction with negative problems
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Fig.3611 Nationality x Sex and Sex x negative/positive problem
Interactions (Problems 9 & 48)
(a) Sex X negative/positive problem Interaction
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Fig.36iii Nationality x Sex x negative/positive problems
interaction (problems 7 & 60)
(a) Nationality x sex interaction within positive problems
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Fig.36111 Nationality x Sex x negative/positive problems
interaction (problems 7 & 60)
(b) Nationality x sex interaction within negative problems
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Fig. 361v Nationality x Sex x negative/positive problems
interaction (Problems 17 & 55)
(a) Nationality x Sex interaction within positive problems
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Fig.361v Nationality x Sex x negative/positive problems
interaction (Problems 17 & 55)
<b) Nationality x Sex interaction within negative problems
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Fig.371 Nationality x Sex x height/weight dimension
interaction (problems 45 & 21)
(a) Nationality x Sex interaction within height dimension
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Fig.371 Nationality x sex x height/weight dimension
interaction (problems 45 & 21)
(b) Nationality x Sex interaction within weight dimension
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Fig.3711 Nationality x height/weight dimension and sex
X height/weight dimension Interactions
(Problems 32 & 49)
(a) Nationality x height/weight dimension Interaction.
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Fig.3711 Nationality x height/weight dimension and sex
X height/weight dimension Interactions
(Problems 32 & 49)
(b) Sex X height/weight dimension Interaction
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Fig. 37111 Nationality x Sex x height/weight dimension
Interaction (problems 58 & 23)
(a) Nationality x Sex Interaction within height dimension
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Fig.37111 Nationality x Sex x height/weight dimension
Interaction (problems 58 & 23)
(b) Nationality x Sex Interaction within weight dimension
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Fig.37iv Nationality x Sex x height/weight dimension
interaction (Problems 17 & 41)
(a) Nationality x Sex interaction
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Fig.371v Nationality x Sex x height/weight dimension
interaction (Problems 17 & 41)
(c) Sex X height/weight dimension interaction
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Fig. 381 Nationality x Sex x same/opposite comparative term
in first premise and question interaction
(problems 23 & 34)
(a) Nationality x sex interaction within problems 
with same comparative term
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Fig.381 Nationality x Sex x same/opposite comparative term
in first premise and question interaction 
(problems 23 & 34)
(b) Nationality x Sex interaction within problems
with opposite comparative term
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(a)
ci ill
(problems 3 & 48^
Nationality x Sex Interaction
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Fig.38111 Nationality x same/opposite comparative term in first
premise and question and sex x same/opposite comparative 
term interactions (problems 10 & 41)
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Fig.38iv Nationality x sex x same/opposite comparative term
in first premise and question interaction
(Problems 13 & 62)
(a) Nationality x Sex interaction within problems
with same comparative term
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Fig.381v Nationality x sex x same/opposite comparative term
in first premise and question interaction
(Problems 13 & 62)
(b) Nationality x sex interaction within problems with 
the opposite comparative terms
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APPENDIX IV ■
A selection of subject protocols recorded in the second experiment.
SUBJECT 2 
Problem 5
"If Bob is shorter than Sam, and Tom is taller than Sam, who is the 
tallest? We have got Bob, Sam, Tom, Tom is the tallest."
Problem 1?
"If Joe is taller than Sara, Sara and Joe, and Tom is shorter than 
Sara, Sam and Joe and Joe is taller than that one, so Joe is the 
tallest,"
Problem 15
"If Ted is not shorter than Tom, Tom - Ted, and Jim is not shorter 
than Ted, Tom, Ted - Jim, Jim is not shorter than Ted, so Jim must 
be taller than Ted, so Tom must be shorter, Ted is taller than Tom
and Jim is taller than Ted - it is Jim,
Comments - "Once I have worked it out and feel happy about it, I
don't want to go over it because I feel confused   If I felt
slightly confused then I checked it ,.,,,, I didn't feel I guessed 
any of them",
SUBJECT 5 
Problem 9
"If Ted is not shorter than Sara, and Bill is not shorter than Ted, 
who is the shortest? Ted is not shorter than Sara, so Sara is the 
more likely candidate, and Bill is not shorter than Ted, so Ted is 
the most likely candidate, Ted is not shorter than Sara, and Bill 
is not shorter than Ted, who is the shortest? Ted is not shorter 
than Sara therefore Sara is the shortest, and Bill is not shorter 
than Ted so it must be Sara",
CIX,
Problem 17
"If Joe is taller than Sam, and Tom is shorter than Sam, who is 
the tallest? If Joe is taller than Sam and Tom is shorter, who 
is the tallest? Joe is bigger, taller than Sam, Tom is shorter — 
Joe",
Problem 20
"If Ted is taller than John and Ted is shorter than Bert, who is 
the shortest? If Ted is taller than John, so Ted is the bigger
one, John is "üie smaller one, Ted is shorter than Bert, who is 
the shortest? If Ted is taller than John, John and Ted, so
Bert is the biggest, so John must be the shortest".
Comments - " ,,, I always check them, I found that I would read 
it and at first it wouldn't really mean anything. Then I would 
represent it either internally or with the help of my hands and 
then would double check the order in each separate statement, I 
got the answer, that is the order, heuristically and then checked 
it systematically",
SUBJECT 5 
Problem 25
"Bob is shorter than Jim, Bob is the smaller. Bob is taller than 
Tom - Tom",
Problem 28
"If John is not shorter than Jim, John is the taller and Bill is 
not taller than Jim, if John is not shorter, therefore he must be 
the bigger and Bill is smaller therefore its John",
Comm en — Once I knew I had to get them right I just worked through 
them, checking, I read the first part and after looking at the 
question, I put my finger on the appropriate one. Then I looked at
ex.
the last part and fitted the last one in. Once I had sorted 
this out, I didn't check again (this in response to question),
I felt confident that I had the right answer",
SUBJECT 8 
Problem 4
"If Joe is shorter than Tom, and Joe is taller than Bill, Joe 
is shorter than Tom ,, Here is Tom, he is taller than Joe and 
Bill is smaller so it is Tom",
Problem 17
"Joe is taller than Sam and Tom is shorter, here is Sam who is 
the taller of the two and Tom is shorter so it is Joe",
Comments — "I checked the problem thoroughly before I said the 
answer".
The above observations contrast with a few responses such as 
subject 1, problem 9» subject 5» problem 11 and subject 8, problem 
7, when the subject voiced subsequent doubts about the answer 
they had given and were invited to reconsider the problem.
